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1. IFI’WWC%IOE

The national Neutrai Particle Beam (NPB) program has two objectives: 1) provide the necessary

5asis for a discriminator/weapon decisicn by 1992 (near term goal), 2) develop the technology

in stages tha~ lead ultimately to a NPB weapon (far term goal).

To meet these objectives and more directly the first objective a three pronged

in progress. Tine essantiai ~“wr,~~.eiic-. .Jf this program are: 1) the Integrated Space

program is

Experiments
.
i.5E.-l Sq= Se=”:-;, :) t:e Ground Test Accelerator (GTA). and 3) the Technology Program. The

fllght provides experience with NPB Mrd=are in the space environment. The ground test

accelerator is the test bed that permits us to advance the state-of- the-art under exper~mental

conditions in an integrated automated system mode. The technology prcgram executes

supporting research and development and specifically develops and tests components fGr

near term and for the systems.

To make the GTA program more cost effective it will serve two purposes. The uItimate

the

the

goa1

is to support the 1992 decision while the intermediate goal is to support ISE-1. Both goals

are satisfied by phasing GTA. The earlier Phase I supports lSE-I and provides hardware and

intermediate experience for Phase 11. GTA Phase II is specifically designed to provide data

towards the 1992 decision.
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The key parameters for GTA Phase 1 support ISE-1 goals.

Energy 50 MeV

Current (H”) 45 mA

Duty Factor 0.1% (operation)

Integrated System Automated Controls

These parameters are an intermediate step between the existing technology

base and the GTA Phase II requirements
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GTA PHASE 1 MEETS ISE REOUIREMBNTS AND IS AN INTEGRAL FART OF GTA PHASE 2

Divergence : Stepping stone towards large bore, low divergence magnetic optics and neutralizer

Medium bore, medium divergence, low energy

Stepping stone towards precision beam sensing

Development and first appi.ication of non-interceptive techniques (LRF, ICA, etc.)

Experience with gas and foil neu~ralizers to make experimentally supported decision

Energy: Operational experience and hardware for 50 MeV/100 mA (H-) front end of GTA Phase 2

Neutral Current: Operational experience and hardware for 50 MeV/50 mA (H”) current

Daty Factor: Design ana testing of components for 5% D.F.

Operation of system at 0.1 D.F.

Integrated System: Fully integrated and automated 50 MeV/50 mA NPB generator

I-5
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G“iA Phase 2 requirements are a significant increase over those of Phase 1

Divergence Small

Energy 100 MeV

Duty Factor 5%

Particle H- (D-?)

I-6



GTA PBASE 2 CONTRIBUTES TO 92 DECISION

Divergence: Development and test~ng of large bore, high precision

magnetic optics

Development and testing of large bore foil (laser) neutralizer

Development, testing and selection of best high precision

beam sensing technique

Energy: Operational experience with 100 MeV/100 MA accelerator (H- or D-)

Duty Factor: Operational experience with entire machine at 5% D.F.

Potential for testing of components at higher D.F.

brn57



ETA Phase 1 Flows Into GTA Phase 2————

IrI terms of hardware, GTA Phase I provides the “front end” of GTA Phase II. This means a

50 YcV/100 mA H- accelerator, fully integrated and automated. In terms of experience, we

will develop, design, build and Lest 30 cm, ❑edium divergence magnetic output optics. This

activity is cc?!sidered extremely important as part of the learning curve towards one meter,

low divergence optics required for G7A Phase 11. Experience with a foil neutralizer serves

also as a stepping stotle towards the LOO cm GTA Phase II neutralizer. The development of

interceptive beam sensing techniques will benefit primarily ISE-1, the development. of

non-interceptive techniques will support primarily GTA Phase 11.
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GTA Technology 1s Available In Stages For lSE-1 And GTA&

Timely development. design and construction of GTA-I will be essential for a successful ISE-L

program. It is nanda:cry chat knowledge gained on GTA Phase 1 throughout the program be

continuously provided CO ISE-1. This technology transfe~ takes place in all areas, such as;

code development: and application. physics and engineering design of components, beam transport

dynamics, experimental results of component testing at Los Alamos and Argonne National

Laboratory, development of automatic control algori~hms and experimental results of automatic

control from ion source chrol:gh the 50 FieVdevice.

ie beLieve that thrcugh the active and timely participation of GTA Phase 1 the risk of the

ISE-1 program will be significantly reduced and the road will be paved for GTA Phase 2 and

the~eby the 1992 dectsion.

1-10



---
b=-1

.4

-,,
+

, ,4
,

‘, ,
,,, . ;I

, , ,1
, ,

# , ,
, , , ,

/
r ,

/ ,
, ,

, ,
, ,

, , , /

, J
, ,

, ,
/

r
,

/ ,

/ ,
,

,
,

, , , ,

, # # /

, 1, 1 ,

,“ , \
6 , ,

. : .

,
1

\ \

, , \

, ,

,
.

,
, , \

, & \
, 1 \

* , ,
, ,

, ,
1

\ \

, ,
.8 \

1 .1, \

,t J ~o

‘-’”E2’M’5,~*_’”’3
92

masm

?

GTA phase i schedule 5upports ISE and 92 Decision

1-11



(2TA Phase 1

11. System Overview

GROUND TEST ACCEL-EWTOR
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Oucpuc Energy

Accelerator Output Beam Current (H-)

ti-:p~lKBeaa Current (Ho)

Output Current Repeatability (H=)

OuCput 3esm Shape

OUtDLL Beaa Divergence (no)

OUCpK- Beam Deflection (Ho)

SEeerizg Accur4cy

Opera:ing Frequency

Duty Fzctor

Beam Pulse Width (variable)

Pulse itepetition Rate

Operating Ambient Temperature

Operational Requirements

Configuration

Size

Beam Height

H

50 lleV (nominal)

100 mA (nominal) or 20 mA (tune.up capability)

45 mA (nominal)

* 5Z

Ellipse with x & y diameter ratio between 0.8 and 1.0

<25 ~rad (6/2) rms—

O to 0.5°, one plane

<10 Krad

425 KHz (nominal)

O.lZ (operating), 5Z (accelerator design value)*

30 to 300 I.IS(operating), 2 ms (accelerator design value)*

Accel~rator compatible with 0.1% DF, NPB device 3 Hz maxim~m

(also single pulse capability)

Nominal room temperature, 70° +3’F

4 hours/day, 4 days/week., 46 weeks/year (736 hours/year),
*8 x 106 pulse8/year at 3 Hz)

180” bend (Design compatible with hinge in DTL & telescope)

Basic accelerator design compatible with single shuttle launch
(fit within 56’x14’x14’shuttle bay)

1.52 m (60”)

System to be installed in TA-53, UPF-L8

Hardware will be space qualifiable wherever possible but is not required to be space qualified.

●

Injector and LEBT, RFQ, buncher, RGDTL, 50 MeV DTL, vacuum system and cooling system shall be
designed to fulfill the 5% duty factor and 2 ms pulse length requirement of GTA Phase 2.

Iii.-k 11.3
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3. =A PEASE 1 CM9ERA.L DESCRIPTION

GTA ?hase 1 provides a nominal 50 MeV neutral particle beam configured in a space compatible design.

The initial H- ion beam is accelerated by a radio-freq~ency (RF) linear accelerator, turned 180°,

exp~?ded twenty five times in crans-~erse dimensions by the beam ❑agnetic optics and stripped of

excess electrcns in a neutralizer to produce the resultant neutral particle beam.

T:e CTA Phase 1 Systen consists cf tne following systems:

.Accelerator

Bean %gnecic Optics

!ieutralizer

Bean Sensing

Instrumentation Znd Controls

RF Power

I’acuun

Cooling

Facilities

I%e accelerator system includes the ion injector, radio-frequency quadruple (RFQ), buncher/matcher,

ranpea gradient drif~ tube linac (RGDTL), six conventional drift tube lillac (DTL) sections, the

high energy beam transport (HEBT) and the H- beam stop.

T5.e bea~ nagnetic optics includes the matching section, the 180° bend section, a momentum compactor,

E 5ez~ exp.axs<on telescope and a beam steering magnet.

11-5



The neutralizer includes the gas neutralizer section and cryogenic panel” simulate the apace

environment by removing the injected neutralizing gas. The neutralizer section is also compatible

with the installation of a ioil neutralizer when that development proves successful.

The beam sensing consists of all the output beam measurement equipment, the vacuum pipe far the

be= drift space, the H’ beam stop with its scoring system and beam stops for the @ and H- beams.

Instrumentation and controls system includes the central control room, the system control and data

analysis computers, the data transmission network znd the data recording and processing equipmt=ot.

The RF power system provides sufficient RF pouer to drive the RFQ, buncher/matcher, RGDTL, the

six DTL sections and the momentum compactor. Significant reserve power is available in the klystron

RF system for overdrite.

me vacuum system provides the required pressures throughmt the b- line and ha proviatons to

quickly locate any leaks or outgassing.

The cooling system maintains critical c~emts at the prcqser tmperatmres and removes heat

generated during operations.

II-6



A mechanical alignment system provides the precision alignment references needed during assexbly

to ensure that the components are positioned w+.thin tolerance. It will also be used to recheck

alignment during and after operation to determine any misalignments due to thermal drift, vibr~tion,

etc.
●

‘ihe Facilities System provides building 1.iPF-16(including additions tc accommodate the GTA Phase 1

system) and the concrete radiation shielding. All required electrical power and its distribution,

the cooling tower, and the required ambient air temperature control and ventilation are prov<ded

by the Facilities System.

II-7
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GTA-1 is J)esimed to Fit Within

the Shuttle EnveloDe
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GTA PEASE 1 IE?iMtl?ACES

The system level interface shows she relationship of the nine GTA

Phase 1 systems. The nine systems are connected by twenty-six

interface ties. The facility has interfaces with all systems.

A description of each of these interface ties and the relationship

to each of the systems is provided in the GTA 1 interface tree,

drawing number 112Y 254002. ‘rhia tree provides the basis for

creating interface control agreement (ICA) and interface control

drawings (ICD).

11-10



(GTA-1)

I ACCELERATOR I

.—.- — . — ———

INSTRUMENT . H
RF

AND CONTROL * POWER

.

~———–

‘ FACIL
I
I

I
L————

— —— 1

I

I
——— J

5tLtiNLl LtV~L

. FACILITY WILL INTERFACE TO ALL OTHEP
COMPONENTS - THIRD LEvEL DIAGRAM
IS NOT PROVIDED

—— - — .———- .——— -.—- .. __ ~.._ --- .-_.
11-11



Swstems Modelln g - A systems model has been developed
to analyze ~TA designs and alterriatlve ISE designs

Focus on Engimdng lhdeoffs
Use GIA aa Code Benchmark
Develop Separate GIA/lSE Routines

ISESYSCode Description Complete
ProgramCoding and Ar@ysia Continuing
Analysis Report to be Complete in FY86



STEP CALCULATIONS*

coda Input

7

● Acce!arator Specs
4 ● Mission Geometry

● Subsystem Designs

●Examples of parameters

Land calculations k

Accakator ● Voltage, Current
* subsystem

*
● Emittance ●

Wculations e Beam radius

Sub$ystm ● Masses
e ~9 m ● Power 9

cdCulatiorBs ● Coohg

Mission a system ● Mh3siong System
* calculawBs e

● W%
● Target, Detector
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The GTA Phase 1 system is a one of a kind experimental device.

o Objective

identify technical risk in system desi~n and operation

identify and suggest methods of risk reduction SUCIIas

redundancy, derated operation, etc.

utilize GTA Phase 1 system as test Led to demonstrate stepwise

operational improvement in reliability performance

test contractor developed components

o Approach

address reliability qualitatively due to experimental nature of system

identify single point failure design regions or mechanisms

- determine level of risk in each subsystem

11-14



EKLIABILI~ AUALYSIS T13CHlUQlJltSMUMlt C(MSIDEEATION

.!Laybe used individually or in combination depending on data availability and depth of analysis.

o Criticality Ranking

“subsystem/component assigned defined technical risk levels: high, moderate, low

@ Failure Mode and Efiects Analysis (FMEA)

examines failure ❑odes of subsystem/component

details causes and effects on system

o Fault Tree Analysis

identifies causal relationships between events that result in system failure

- presents graphic display of failure relationships

starts with final event and traces backwards to initiating failure

11-15
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=A PHASE 1 SYSTEH SPACE COMPATIBILITY

GTA Phase 1 system design guidelines

o Basic physics and electromagnetic designs ful~ctional in space environment

o Designs do not preclude ISE hardware space qualificatiac

o CTA c-ponents will not be space qualified



(XA PHASE 1 FACILITY LAYWJT

The facility consists of the existing building MPF-18, with a 10,OO(J square

foot addi~ion, located at Technical Area (TA)-53. With the addition,

approximately 25,000 square feet of floor space is a~railable :0 house the

GTA Phase 1 neutral particle beam device and requit-ed support equipment.

The first floor includes the beam vault, RF power, cuolin~ system, and control

room. Two mezzanines are provided in the building addition to provide

laboratory space and th= building mechanical equipment. building ambient

air temperature will be maintained at 70°, *3’, F. Relative humidity level

will be approximately LO~. Radiation monitoring equipment will measure the

neutron and gamma radiation, both prompt and residual, as well as x-rays

produced by the accelerator.

11-18
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The accelerator beam vault to provide radiation shielding is located within

the high bay area. Precast , high-density concrete blocks are used for the

beam vault walls. Precast concrete beams form the

high-density concre~e and the remaining layers

.% ten-ton crane is available for use in the high

is located within the beam vault. RF power is

roof with the first layer

normal-density concrete.

bay and a two-ton crane

located outside the beam

\“ault in the low bay. Electronic equipment racks line boLh sides of the

beam vault. Trenches are provided for some of the cooling-water pipe runs,

although a raised floor is required in certain areas. i’entilation in the

beam vault provides once-through air at the proper temperature and humidity.

Special air handling reduces radiation transmission to external areas.
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The system is designed

CTA PUASE 1 OPERATING EECION

to operate with pulse lengths in the range of 30

to 300 us. The shorter pulse lengths will be used to minimize

and damage during initial accelerator tuning. The gas ~eutralizer

activation

repetition

rate is limitec LO 3 Hz which will be the ❑aximum repetition rate for the

neutral beam. All other components are designed for higher repetition rates,

a~ the shorter pulse lengths, to

accelerator repetition rate may be

will be established after all of the

In zny case, the repetition rate will not

a ncnber of discrete values established

operating points.

assist in data taking. The maximum

determined by the

control requirements

control system and

have been analyzed.

be

by

continuously variable but have

experimentally obtained stable

II-22
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GTA Phase 1
Accelerator System
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Ion Source

Ion

Ion Source Type

Pulse Width (variable)

Duty Factor

Repetition Rate

Output Current

Current Variability

LEBT

Output Energy

Output Current

Normalized RMS
Beam Emittal~ce

Focus System

Beam

Beam

H-

Dudnikov (small angle source)

30-300 BS (operating), 2 ms (design)

0.1% (operating), 5% (design)

Consistent with 0.1% DF (single pulse capability required)

150 QL4 (nominal)

5% rma

100 keV (naninal)

(H-) >120 mA

output 0.017wcm-mrad (rms normalized)
(at 100 keV) (at full current)

Permanent magnet

Space-Charge Neutralization Xenon Residual Gas

Matching to RFQ Maximum angle 41 mrad

injector Total Length

Beam waist radius 1.0 mm

<1.1 m

brn6



Ion Source

Arc Chamber

Cesium Production

Hydrogen FloiII Control

LEBT Lenses

Xeutralizaticn

High Voltage

Control

Dudnikov small angle source

(based on ATS and Bear)

Cartridge type

Independently controllable oven

Piezoelectric Valve

SmCo permanent magnet quadruple

Xe (10-5 torr)

Pulsed 100 kV

Automatic computer start up and operation

II-26
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(S% PEASE 1 EADIO—FREQUEWY QOADRIJPOLE REQUIREHEMT8

Operating Frequency 425.000 +0.010 ~Z

Operating Frequency Stability + 10 kHz

Operating Freqtiency Tuning Range + 20 kHz

Injection Energy 100 keV (nominal)

Output Energy

Input Current

Output Current

Duty Factor

Normalized MS
Beam Emittance

Total Length

RF Drive

2.07 MeV

120 mA

>106 mA

0.1% (operating), 5% (design)

output <0.02 ticm-mrad (nominal)

<2.65 Meters

Loop Coupled, two each 250 kW

M’ Field Dipole Content <5Z

RF Field Flatness longitudinal) <5%

?laximum Surface Electric Field <36 PiV/m (1.8 x Kilpatrick)

Beam Matching Buncher

H5j&g

brn8



o Sciid copper tips explosively clad to copper-plated stepl vanes

o Copper Liner on skirts

o 5zeel vacum tanks

o RFQ freqaenc}- tuning accomplished by controlliiig water temperature

o ‘:ane coupling rings provide RF field homogeneity

o %o each 250 kU RF power drive loops
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Operating Frequency 425 MHz [nominal)

Duty Factor 0.1% (operating), 5% (design)

!faximum Gradienti EOT = 3 MV/m

Maximum Slrface Field <1.5 x Kilpatrick

Beam Mate.ling Ramped Gradient DTL
(AT-1 86-19; Mills, Wangle> &
Crandell, January 28, 1986)

brn22



~ PEASE 1 DRIFT-TUBE LINAC (DTL) REQUIREMENTS

C@erating Frequency

Input Energy

Output Energy

Output Momentum Spread ~p/P)

Output Beam Current

Beam Loss at Nominal Current

DUC:-Factor

yo~lized rms Output

Beam Emittance

?laximum Surface Field

A.’erage Accelerating Gradient

RF Drive

Length TG Simulatel Hinge Point

5-.+-35

425 + 0.10 MHZ

2.07 MeV (nominal)

50.0 MeV (nominal)

<0.001 (ruts)

100 ml (nominal)

<l%

0.1% (operation), 57. (design)

0.02 ~cm-mrad (nominal)

<1.5 Kilpatrick

<5.0 MV/m

LOOp coupled, two and four drivesltank,
<2 MU/tank

<12 Meters (nominal)

brn15



DTL BANILIITE DESIGN

1. Split permanent magnet (Nd2 Fe14 B) drift tubes with integral diagnostics

2. Soft point socketed, single stem quadruples

3. Copper-plated aluminum tanks reauce RF dissipation losses

and minimize neutron-induced activation

&. Seven tanks, 109 drift tubes

5. Gradients

a) RGDTL - 2-4.4 ~/m

b) DTL - 4.4-5 M%’/m

6. 5Z duty factor design, O.lZ operation

7. Loop coupled, 500 kW RF drives, four drive ports/tank,

two drive ports/tank for RGDTL and last tank

8. Rotary tuners and post couplers

9. Top loading girder/drift- tube assembly

II-36
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Input Beam Assumptions (Output of DTL)

Energy

Momentum Spread

Current

Emit tance

Beam Hadius

Output Requirements

Beam Divergence (after steering)

Beam Steering Range

Focusing Range

Beam Direction

Output current (H-)

Total Length

50 Mev

<H. 1%

100 mA, H- (nominal), 20 uul tune-up

0.02 Wcm-mrad, rms normalized

<1.25 mm rms

<25 prad, rms (normalized)

O to C.5° in one plane

1- 100 km

180° from input direction

100 mA nominal

<TBD m

H-38
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BKAH MAGNETIC OPTICS BASELINE DESIGH

o

0

0

0

?l.atching Section

- length <2 ❑

- four electromagnet quadruples

180” Bend

- first element is electromagnet to switch beam from HEBT to 180° bend

- seven permanent magnet dipoles and nine permanent magnet quadruples

neodymium-iron or samarium cobalt permanent magnets

- periodic FODO system

- 3 cm clear aperture

- 1.5 m bend radius

Momentum Compactor

- side coupled cavities

- <50 cm length

<125 kw m power total (Ist, 2nd, and 3rd harmonics)

Beam Expanding Telescope

- length 10 m

- expansiofi x25

- permanent magnet quadruple doublet eyepiece

- permanent magnet quadruple doublet objective

- neodymium-iron or samarium cobalt permanent ❑agnets

electromagnet (Lambertson/printed circuit type) trim coil

o Steering Magnet

electromagnet dipole(Lambertson/printed circuit type)

- clear aperture 30 cm

11-40
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GTA PEASE 1 NEUTRALIZER PEUFOEMNCE REQUIEEMEUTS

Input Particle

Output Energy (lia)

Input Beam Current (14-)

Neutralization Efficiency (HC/H-)

Output Beam Divergence (H-)

Duty Factor

Beam Pulse Width (variable)

Pulse Repetition Rate

Beam Steering

Output Beam Diameter

H-

50 MeV (nominal)

100 mA

>45X

<25 Vrad (9/2) nns—

0.1%

30 to 300 ps

<3 Hz

O to 0.5°, one plane

5.0 cm rms

ic-+ 1-43
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GAS NEUTRALIZER BASBLIHB DESKX9

o

0

0

0

0

0

0

0

Argon gas medium

Total length <6 m

Gas flow coaxial with beam path

Cryogenic panels at 20’ K helium temperature to remove injected neutralization gas

?iagnetic shielding will be Mu metal

<10-5 Lorr background pressure in magnetic optics volume due to neutralizer gas

<10-6 torr background pressure at beaxz sensing location due to neutralizer gas

Provision for foil neutralizer
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GM PEASE 1 BEAH SEHSIRG PKIWOIUAHCE REOUIREHKNTS

Beam Sensing

Xeasure H’ beam centroid directfon

Beam ?leasurements

Beam Intensity

Beam Profile (intensity vs x&y)

Beam Energy Spectrum

Beam Flux

Beam Centroid

Temporal Resolution

BeamStops

Particles

Input Beam Energy

Input Beam Current (Ho)

+10 Brad

TBD

H“, H?, H-

50 MeV

50 d (nominal)
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BEAM SEESIIK BASKHIIE DESl=

-----

0 Beam Sensing

interceptive beam diagnostics

- pinholes with fluorescent screen

non-interceptive beam diagnostics

- laser resonant fluorescence

other techniques are being evaluated

o H=, H-, @ Beamstops

graphite laminated to a cooled copper back plate

o Beam Scoring

- TBD
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Frequency

Bandwidth (1.0 dB Poinzs)

RF Power Required (peak)

RFQ

3uncher

DTL 1 (RGDTL)

DTL ~

DTL 3

DTL &

DTL 5

DTII6

!srL7

425 ~Z

*2.5 MHz

Mid

0.506

0.050

0.851

1.726

1.686

1.705

1.632

1.610

0.848

>~~entum Compactor 0.125

Total 10.739 (no margin for overdrive)

Maximum beam current
Fluctuation Accommodation

Pulse Length (variable)

Repetition =te

Duty Factar

Amplitude Control

Phase Control

Load Reflected Power

Tube Type ●

Tube Output Connector

Accelerator Structure
Input Connector

Power Level per Drive Loop
*

Controls

5X

30-350 us

Compatible with 0.1% DF

0.1% (operating) ***

i@.5z

io.s”

Mismatches at start/end of pulse

Klystron

WR 2100 waveguide

6-1/8” coaxial line, loop driven

500 kW (nominal)

Compatible with computer control

*
Provision will be made to test 500 kW solid state RF units.

* One klystron drives two ports.

** Provisions for reconfiguring RF system to drive one DTL tank at 5% duty factor.
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RF PUdER MSRLIBIS DESIGE

c

o

0

0

0

0

0

0

0

Thirteen each 1.25 ?fWklystrons

Thirteen each modulators with individul power conditioning

UR 21OO wavegaide klystron interface

UR 1800 waveguide or 4 1/8 ID “flexible” coaxial air lines

Single 120 kV dc power supply

Directional couplers

Isolators

Phase shifters

Transition to 6-1/8” coupling loop flange at accelerator

11-52
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Control System Requirements

~ Provide independent supemisory control of each subsystem during commissioning

=~ Support automatic accelerator startup, operation, and shutdown

‘~ .$cquire, store, analyze, and display data and status information on any part of the

accelerator from a central control station

~ Respond to fault condition with fault logging and recoverv procedures.

~ Pro~ide a prototvpe environment for the development of space control system.
architecture, algorithms, data rates, and operator interface
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Injector

RF Power

Neutralizer

Cooling and Vzcuum

Beam Diagnostics

Beam Optics

Total

150

1200

80

1800

800

780

4810

. II-55



Control System BaseJineDesign

l)ktribuwd Processing System Modules: The Control System is implemented using distributed processing 10 meet the
processing requwements of GTA. With dismibuted processing more modules can be applied to the solution without
major changes m the control software. These processing modules include a high performance 68020 CPU which
stipp~rtj 32 bit da~a and addressing, a IEEE-I014 V%IEBus selected for speed, and a silicon software operating system
whkh provides rapid task switching and interprocessor communication. ‘C’ is the development language being used.

Token BUS Xetwork: The IEEE-802.4 Token Bus Network is used as it guarantees access to the bus. The Token Bus
Network is 10 hfbps. The token bus is limited to 256 nodes. Tests indicate that GTA control system wiU require less
Than 10&cof the nework bandwidth.

C.L.31.4CSignal Conversion: The IEEE-583 CAM.4C interface equipment is used since it suppotis most of the signal
corwersion requirements of GT.& Standard CAM4C modules are produced by many manufacturers.

~.%liData .~al@ Support: Data Anal}sis issupported on a VAX as existing accelerator codes are running on VAX
based systems.

II-56



Control System Baseline Design

~ Distributed Control System Modules featuring:

VME hS

68020CPU

Silicon Software ReaI-Time Operating System

‘C’ Programming Language

~ Token Bus Network Connecting Control System Modules

Q CAJ%C4CInterface Equipment

Q VAX Based Data Analysis Machines

II-57



Control

Control System Architecture

y :

o#apas” wraters’*17 ;1P Iators’ & raters’
nsoles onsoles Iw)k?s

Int ~rated Opcmtor (lpemtor Gateway
Control Interfsce interface
Processor

.. . . . ..

Room Token Bus LAN
—~ w

●
m

Ito 1/0 1/0.........
Cluster Cluster Cluster

3Opemto
Interfac . . .. .. ..

ICAMAC
I

CAMAC
I

CAMAC 1
Outside Vault

Inside Vault
ACCELERATOR

F

mCode
Ikvelopme
VAX

7
Ethemet

DECNET
TCPIIP

L-+Data
Analysis
VAX
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o Nominally :aintain LO-6 torr in all sections of machine

o Pump high gas loads of H2 and Argon

o Provide reliable system with ability to quickly locate leaks

11”59
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●

VACUUM SYSIEU EASELI19E DESIGH

~ High vacuun cryogenic (cryoadsorption) pumps to handle gas load

c Turbomolecular pumps for quick pump-down of the system for leak checking

o %chazical roughing pumps to zchieve cross-over pressure fcr the turbomolecular pumps

o High vacuum gate valves isolate components to facilitate leak checking,

maintenance and cry,opump regeneration

o Installed residual gas analyzers to quickly indicate vacuum leak or outgassing problem

.

11-60



u

GTA Phase 1 Vacuum System
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SYSTEM

11 components of GTfl-1 have been identified that require coolinq.

GTA Phase 1
Cooling System

Requirements
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o Deionized water for heat removal and transport

o ~ixing valves and coctrols for precision temperature regulation of RFQ, DTL,

and beam sensing

o Isolated cooling loops for beam stops to avoid radioactive water exchange

o Use existing cooling tower with additional chillers and heaters for critical loops

o ?lodular design and prefabrication

o Vibration isolation and dampening via flexible hoses and accumulators

II-63
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Design and Develo~ment Intem-ation
( Develo~ment Tests )

<

Inj.

IGas
EMT

.

.~~~f

ANL

N

c

Beam
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DT RFloop lf4 Scale

Rcducthlkgration
Fun~QuaVAcceptTests

Subayatem
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b
Ioj+RFQ+RGDTl
iYf% #2-7
30 MeV Ace
RF
Na&al&r

=7r
w I 1

FinalDesign Production

Hardware
. Procuremefit

Fabrication
. Assembly

Teat

. Software
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Coding.
Assembly
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This testing involves the entire GTA Phase 1 NPB system. The test objectives for the GTA

Phase 1 operational testing are listed below:

o

0

0

0

0

0

0

0

Demonstrate beam operation at full current and energy

Yeasure the following beam properties:

Energy H- and H“ beams

Current H- and Ho beams

Emittance H- beam

Divergence H“ beam

Pro~ile Ho beam

Steering Characteristics

Neutralization Efficiency (HO/H-) and uniformity

Demonstrate integrated operation of the end-to-end NPB system under

aut-tic cmtrol to simulate the functions required by ISE-1.

Determine actual thermal control requirements.

Confirm alignment requirements and procedures.

Determine gas load into vacuum

Sense direction of neutralized beam centroid to 10 Vrad accuracy

and measure the focus {at 3u) :0 an accuracy of 1 Brad.

demonstrate variable focus over a range of 100:1 and beam deflection

>F !I.5’ ir one ?laRe.
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crAPEMilsMJUmTUL TIIEE-OEMID CHECK-m

I(m StxtRCE

iei: Clbjectives: ?leasure output em<ttance, >135 UA current, reliability, reproducibility, understanding

and control effects of source parameters.

2~agrostics: Faraday CUp*J1, ●,1electric sweep scanner

~eaz Cor,trol: Source parameters, x, y positioning without breaking vacuum.

TesC Objectives: Determine match to RFQ, cmittance, adequate current (>120 mA if matched),

reproducibility, reliability.

diagnostics: Faraday cup*~l, ●,1,2toroidal current monitor , electric sweep monitor*~l (god

co 100 mA, 2 ~ radius, 1 ms, CU)

~ean Control: Source parameters, encoded-movable PWJS (to obtain good match), two steering

-gnets (to give x,y,xl, y1 = O), variable aperture for adjusting beam current.

Sizmlations: Desired EPQ matched conditions fra TRACE, LEBT match of source to RPQ.

● Diagnostic for turn on and subsequent module test

1 CapabLe of high current
II-66
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B
Test tlbjectlwes:

Diagnostics:

Be- Caatrol:

Simlatials:

Test Objectives:

Dta~stica:

Be- Coatrolt

Diagnostics:

Teat for out~t ●nergy, ~ittance gr-tb, trmmlssion,voltage/poueroperatin6

point,propertreasver6e●nd longitudinalemittanceshape for DTL ●cceptance,

calibrate stxipline uitb be=, control resonant frequency, maintain current

●d aittance stability.

Toroidaltorrentmonitor*.l,strlplines*.1*2,slit~ collector,LINDAlS2,

spectr~ter.

Famewoltage~litode control,recoaantfrequencycontrol.

-tPot aittence (ubat’s●xpected.needed, ●lso set. dlmensiono of ●=ittance gear),

●ffects of ●ieeligned input beam.

Set phase and ~lltude for correct longitudinal

correct transverse emittance for DTL. verify and

Slit * coll?ctorl, LI~l.2, spectrater~.

*lltAe and P&ese

?’ Jectd and needed

control

oatpat edttaue.

aittance for DTL, verify

obtain low -ittance grouth.

Set pluae and -pIitode, obtain good trmmisoion, werify output lcmgitudinal

ad tremeverae tittance (high end l= current) for subsequent DTL’s, detemine

●ffects of steerizg, calibrate ●triplanes,detemine 2A ~nts ●t utched

Coodltloms,opticslprofiles●t mtcb, deterdne ●cceptablelevelsin spill

uitorG .

Spectr~ter, L1EDA1s2,slitand collector,torrolda*.1~2■triplines*~1~2,
opticalprofilereadouts*.1,2,●baorber-collector*(forphasescans), ●t*,l#2,
in intertank spacer.. Adequete be- ●tops1~2 , wire ● cannera ●ndior harps:.

titput transverse

with measur~nts

●nd lmgltudlnal -ittance ●t

●nd for setting dimensions of

II-67
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mAPEAsEl ~ IUEB-OU ARD CEECK-CXJT (cont.)

BEAM UAGMEIIc OPTICS

Test Objectives: Measure beam transport to H- beamstop,

.Measure output of 180° bend at low current (20 mA),

?!easure beam divergence at output of telescope,

Pleasure beam steering 0-0.5’ in one plane.

l?iagncstics: Beam position ❑onitors, current ❑onitors (toroid), ❑omentum detectGr (time

of flight), profile ❑onitors (interceptive and non-interceptive), loss monitors

(TBD), emittance (laser neutralization, three wire scanners, pinhole imaging).

Bean Control: Electromagnet trimmers, adjustable permanent magnets, steering magnet.

NEUTRALIZER

Test Objectives: Yeasure gas flow field, gas density gradients, neutralization efficiency,

beam density profile, neutralizer scattering.

Diagnostics: Pressure sensors, electron beam (gas density gradients), pinhole (charged

particle and neutral beam).

11-68 /x-&!



Argonne

The Argonne facility provides timely experimental results for beam sensing, neutralizer

md optics concepts at full energy but reduced current and pulse length (50 Me~, 1 MA H-, 80 IJS).

The following will be investigated at Argonne:

o Thin foil neutralizers look promising to date but need to measure:

- survivability

- cross sections

- angular divergence (scattering)

- energy Lass

o Backgrounds have been identified as a serious problem for beam sensing.

Hill investigate:

- ionizing radiaticn

- fluorescence

- gas pressure and windows

shielding effectiveness against both prompt ganrmas and neutrons

o Measure beam characteristics:

- spatial density profiles

- temporal characteristics

- foundation-transmitted vibration and ❑ovement

o Evaluate beam sensing techniques:

- measure prototypic scintillator materials

- characterize the shadow of a small diameter wire

- test LRF and other non-interceptive methods

o Characterize 7.5 meter telescope containing a triplet objective lens

- measure telescope performance with pinhole

- evaluate steering magnet perfomnce with expanded beam

o Evaluate ❑icro-strip beam diagnostics performance with H- beam
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Energy (Meli)

Current (~)

Emittance (cm-mrad)

Pulse Length (BS)

Rep Rate (pps)

Duty Factor (%)

ms Size (cm)

Beam Divergence (vrad)

Resolution (prad)

Aperture (cm)

AWOHIW PIMSE A MU) PEASE B BEAM PARAMETERS

Phase A

50

1.0

.02

80

1-3

.02

-1

large

5

Phase B

50

2.5

.02

300

1-3

.09

2.5

25

10

25

11-71
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=A SUPKMtTIliG PE(MXAHS

BEAR

GTA-1 provides technology demonstration at increased performance levels:

Er,ergy (HeV)

Current (m%)

Divergence (mrad)

Duty Factor (%)

BEAR GTA- 1
FACTOR OF

IMPROVEMENT

~

10

1000

0.025

50

100

25

0.1

x 50

x 10

x 40

x4

II-73
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GTA SUPPORTING PRWRAMS

~n~ ~ power development progr~ provides early demonstration of advanced RF power concepts.

3 Solld-sczte System

- Mestinghcuse and Norden are under contract and working

- Four 500 kK utoduies to be delivered to Los Alamos in 4Q/FY 87

- Provisiars are being made to test these units on the GTA Phase 1 accelerator

- Interface is 6-1/8” coaxial line flange
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111. A. 10N 1NJECT!3R
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II!. A :QM INJECTOR

1. Physics Criteria

?he physics cri:eria which control the de;ign of the GTA–1 lon Injector have their basis in the

accelsratar test stand (ATS) developments. A Dudnikov source was chosen because, at the present time, no

other H- ion sources can deliver the required current. The general design of the ion source is derived

from the work on A?S and is based on the ion source designed for BEAR. The design of an ion injector

cannot be independently broken down into three independent portions {source, acceleration column and beam

transport) because the operation of the three components are interdependent.

111. A-2



Type

Accelerated Species

Particle Energy

Beam Current

Emittance

Alpha Beta

Penning Field

Duty Factor

Ctirreat Variation

---- - ..” ~ u , “,.

PHYSICS CRITERIA

Small Angle Cesiated (Dudnikov)

H-

100kV

120 IRA

0.017 pi=cm.mrad (rm normalized)

c = 2.21, B = 0.072 n’rn/mrad

22C0 @Qss

0.1%

20%, 100%Output Aperture



Z. G1-A-l lon Iniec - ostraints

The engineer; cg tiesi~,. ..le GTA-1 ion injector is further constrained by the mission of GTA-1,

~ich is the support of ISf. In order to meet the mission objectives, the ion injector must be developed

so that there is greater reliability. This constraint is partic~larly important in the design of the ion

source.

The manner in which ion injectors have previously been designed has not mde them easy to use in the

s9ace envir~nnwnt. The we~ght and volume of previous injectors has not been constrained and these

r~pre~ent the greatest difficulties to overcome. Considerable emphasis is c)eing placed on reducing the

weight, Yolume, and power consumption of the GTA-1 Ion Injector, but because of the third design

constraint (automtic computer start up and operation), the GTA-1 injector will not meet all of the

qualifying requirants.

A major contribution of the G7A-1 project will be the full implementation of automatic computer

start up z~ti 05eration of en accelerator, the greatest challenge of which may be implementing the required

contrcl system on the ion injector. To meet this challenge, the ion injector is being instrumented with

nmre diagnostics than will probably be needed for a fully developed system in ordsr to determine the

para-ters that will allow automatic c~uter :ontrol.

The methc~ used in designing the GTA-1 ion Injector is to follow the general design of the ATS

injectors and gain as mch general knwledge from the ATS experience as possible. Also, the ion injector

being developed for the BEAR project will have to be flight qualified. }“u1l advantage is being taken of

the BEAR design of an ion source in the hope of meeting the eventual flight requirements and obtaining

greater reliability in the ion source.

III. A-4



GTA-I ION INJECTOR

DESIGN CONSTRAINTS

GOAL: REDUCE PIiYS;lCS DEVELOPMENT TO ENGINEERING PRACTICE IN THE OESIGN OF ION INJECTORS

1. ln?prove Ion Source Reliability

2. Address Issue of Space Qualification

3. lProvide Test Bed for Development of Automatic Control.

1. Use ATS System as Design Basis

2. Use BEAR Design as a Guide.

III. A-5



: i-~ .1 ICI ]qiectc~ ~h:/sj:i Fgotprint-.

T5e phys!cs footprint refers to the physical layout C; the ;Parious major rmponents of the injector

necessary to meet ?he interface requirement at the RFCj. rhe design of t;ie GTA-1 RFQ has been changed from

the Ai5 2FQ ‘n Order :0 achieve the acceleration conditions with the use of less power. This constraint

Pas ~hang:d the design conditions of the GTA-1 Ion Injector to some degree and, in particular, the design

of the lw-energy beam tran;port (LEBT) has changed considerably. The LEBT will incorporate

pemanent+uagnet [PM) quadruple lenses of the same engineering design as the lenses used in ATS; however,

the spatial position of those magnets has changed. The physics footprint includes the ion source as a

point In space at which ions of the given emittance are available. We assume that the GTA-1 ion source

wl?l be able to meet those conditions.

111. A-6
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4. GTA-LE8T Baseline Desiqn

The design of the GTA-I LEBT was done using the TRACE code. In the accompanying diagram the labels

“PQ= indicate the position of Permanent Hagnet Quadruples, ‘Im indicates the position of neutralization

change and ●CL” the position of column elements. The Neutralization of the beam by use of Xenon results

in a sensitivity of the design to beam current. Since complete neutralization cannot be maintained

thro~ghout the entire beam path (a condition occuring in the acceleration column and RFQ entrance) the

design must be confirmed experimentally.

III. A-8



● Design Based on ATS LEBT
. Beam Mapped from Source Slit to RFQ Hatch Point
● Twelve 1/2” Thick SmCo Quadruples
. Column Focus Electrode (25 ke’~)
● Column Final Acceleration Electrode (100 keV)
. Horizontal and vertical beam j)rofilcs vs distance

GTA-1 LEBT BASELINE DESIGN

111. A-9



5. GTA-! Ion Infector Assembly Orawinq

The general layout of the GTA-1 Ion Injector is shcwn in the assembly drawings. First the ions will

be accelerated t’ a potential cf 25 kV, pass through a focusing electrode. and then be accelerated to 100

kV. The electrodes are being designed so that it will be possible to enclose PM quadruples within the

electrodes if necessary. Calculations have shown that adding such quads could improve the ATS design,

although t+e pre nt physics footprint does not include them.

The ion bza will be stabilized by using Xenon gas at a pressure of about 2 x 10 ‘7 torr in the

acceleration colun and in the LE9T. The PM quads wIII be covered with cooling shrouds and will be

movable alcng the beam axis fw maximizing the coupling to the RF(J. The two main diagnostic tools in the

injector w!ll be the mini emi~tance scanner and Faraday collector developed for ATS. The early test plans

call for investigating other diagnostic techniques such as wall current moniters, video. and fiber optics.

The injector will mount directly on the end wall of the RF() but will include a gate valve to isolate

the injector from the RF(). The vacuum will be maintained with cryo pumps. A gate valve will isolate the

injector from the vacuum system.

Early experiments with alternative source-sift geometries may require a change in the overall length

of the LEBT. This changes can be easiiy accomplished by changfng the ;ength of the spool piece between

t!’e LEBT vacuum box and tk,e acceleration column.
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5. GTA-1 Ion Source Assembly Drawing

The Dudnikov H- source is a Pennjng hydrogen discharge t-o which cesium has been added to enhance

the production of H- ions. Cesium vapor will be transferred from an independently controllable oven to

the dic-barge anode along with the hydrogen. The hydrogen flow rate will be controlled by a piezoelectric

valve and by the size of the exit slit. The cathode-anode geometry is essentially that developed by

!Judnikov as adapted by Allison on the ATS.

One of the major design changes implemented on the BEAR project by Shubaly was packaging the ion

source as z cartridge. This design should be able to meet the ‘g” load requirements of flight am! will be

easily replaceable in the event af source failure. The cartridge concept has been adapteti f~r GTA.

The Penning magnetic field will be generated by permanent magnets and will be varied by using trim

coils.
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7_ Artists Conception Of The GTA–1 Ion Injector

This pictoral representation of the Ion Source is intended to aid in the description of the source.

The various major components ~f the source are shown except for the cesium oven, which is hidden in this

viaf.
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8. GTA-1 Injector Hydrogen Flow Control

The production rate of H- ions in a Dudnikov suurce is dependent in a complex manner on the

relationship of several arc parameters. The hydrogen pressure, cesium pressure, cesium coverage of the

electrodes. arc voltage and carrent, and applied magnet field are all related in the producion of the H-

ions. Part of the relationship is the temperature of the electrodes in the region of the discharge.

By establishing precise control of the flow rate of hydrogen through the discharge region, it is

hoped that greater control of the discharge conditions will be maintained. Work with a piezoelectric

valve made by Lasertecnnics has shown that the valve will give good control of the hydrogen pressure. The

~min;mum pulse length is felt to be determined by the pressure diagnostics and not by the valve. Work in

developing a high-speed pressure gauge is now in progress.
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GTA-1 10N INJECTOR

HYDROGEN FLOW CONTROL

Based on Lasertechnics Piezoelectric Valve

Has Demonstrated

1. Gas pulse width variable to 100 microsec.

2. Repetition rate 500 pps.

3. Inlet pressure up to 10 Atm.

4. Power Dissipation 15 *.
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9. GTA-1 Ion Injector High–Voltaqe System

The high-voltage system departs in some details from the ATS design. For GTA the ion source will be

pulse biased to -100 kV (dome voltage), and the extractor will be pulsed positive, relative to the source,

by 25 kV when it is desired to extract ions from the source. Since t+e duty factor for GTA-1 is 0.1%, a

small power supply will continuously charge a capacitor for both the extractor and the dome. A

high-voltage tube, used in grounded grid configuration, will be used to regulate the voltage supplied by

the capacitator. The rise time of the output from the injector will be determined by the build-up of

neutralization in the LE13T as long as good design practice is followed in the source pulser.

The system will be provided with crowbar capability in the event that an arc-over of the injector is

detected. This protect~on shou?d guarantee that less than 10 J of energy is dissipated in an arc.

Complete shutdown OF the system will occur if the computer detects a series of arc events.

In the presmt design, the capability of leaving the dome vcltage continuously on will be provided

because current would be drawn only when ions are extracted. This mode of operation may not be desirable

since the probability of arc-wer is increased.

Power will be supplied to the dome via an isolaticn transformer. The size and weight of this

transformer could be reduced by operating at high frequency; however, in the interest of cost and

availability, it was decided to work with 60 Hz power.
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10. GTA-1 lorI Injector Control System

lhis drawing of the control system in schematic form gives some idea of the complexity of the

controls necessary to operate an ion injector. The drawing has become the focal point of the controls

developn>nt work on the injector. Since the work in this is evolving, this drawing must be regarded as a

working drawing at the present time.

The diagnostic and control system can be divided into two components dependent on whether or not the

element under discussion is located at system ground potential or at dome potential. Signal transfer

across the dome potential will be accomplished by fiber optics.

Details of the control system will be presented during the discussion of the controls system. The

general intent is to provide three main control modes. The first mode would allow full operator control

for maintenance purposes. The second mode would provide operatoc control via system algorithms, and the

third mode would consist of automatic computer control with operator monitoring.
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11. GTA-1 Ion Injector Status

The present status of the work on the GTA-I Ion Injector can be summed up by the status of the

drawing tree in Appendix D.

The ion source drawings are complete, and a cold model of the source has been fabricated and

fabrication of the first arc source has begun. Some of the diagnostic tools such as the mini emittance

scanner and Faraday cups are being taken directly from the ATS design. They are also under fabrication.

The design of many other components of the system is under way.

Many of the components such as the power supplies, capacitors and series regulation tubes have been

oraered and delivery is expected by mid September.

Operation of the ion source is scheduled to begin In early September to get experience with the

source. As other components of the system become available they will be placed into operation.
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111. B. GTA RFQ

1. Introduction

The role of the RFQ in the accelerator system is to provide a transition from the low voltage

(100 keV) dc injector to the Drift Tube Linac which requires an input energy of 2 MeV. While accelerating

the beam, the RFO adiabatically bunches and focuses the beam with min~mal emittance growth
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Physics and RF Quantities Olmensional Quantities

Type of Partfcle
Frequency
Injection energy
Energy at end of Shaper
Energy at end of 8uncher
Final energy
Input current
Output current
Peak beam power
Input emittance
Output emittance
Peak surface field

Inter-vane voltage
Vane capacitance
Synchronous phase at end

of buncher
F~nal synchronous phase
Mdulation at end of buncher
Final Modulation
Total n~er of cells

Copper and beam power (106 M)
Duty factor
Pulse length
Operating pressure
Rf 4rlve type

H-
425 ~tiz
0.10 MeV
0.27 MeV
0.49 MeV
2.07 MeV
120 mA
106 mA
207 kH
0.017 cm-mad (rms,n)
0.019 cm-farad (rms,n)
1.8 x Kilpatrick
(36.0 HV/m)
0.079 Uv
120 pF/m
-45’

-37”
1.475
1.798
252
534 kH
5% Mx.
2 msec max.
1.Oe-06 torr max.
1.625 in. dia. 100DS,

Fllnlmum aperture

Aperture radius. snd of buncher

Final aperture radius

Uinlmum longitudinal

radtus of curvature
Radial matching length
Shaper length
Gentle buncher leng4
Accelerator length
Total length
Cavity Inner length

to endwall

h

end-wall

2.26 m
2.84 m
3.29 m
1.60 cm

3.09 cm
79.35 cm
28.20 cm
148.67 cm
259.31 cm
260.41 cm

2 plcs., opposite ~uad’rts.

111. B-3



2.

The

stability

manifal<.

Physical Configuration

RFQ consists of two subassenb]ies, joined in a manner that will ensure mechanical and thermal

and enhance the accuracy of fabrication. These two parts are called the coretank and the vacuum

The coretank subassembly is composed of two elements, vanes and skirts. The vane elements have

the accelerating/focusi~g geometry machined into their surface, and the skirt elements provide closure of

the !7F() cavity and structural integrity of the assembly. The core tank is an assembly of eight vane and

eight skirt elemects, consisting of four each in cross section and two each longitudinally. The core tank

is enclosed in a vacuum manifold, which eases the job of

reducing the total length of vacuum joint required. The

circular ports in the Mllifold tank, which are needed in

tank ass-!y.

maintaining vacuum integrity of the rf cavity by

vacuum sealing problem is restricted to only

order to pass coolant and rf power to the core

III. B-4



Qro Cofn raw
1/4 Sl>[

R=
._—-......--.___

lm~ ‘“--ma-o=- *-—-. ---= ,. ———-
111. B-5 = -LT: :’E%:-=–::---



3. Low-Enerqy Interface

At the low-energy end (upstream end) the RFQ interfaces with the low energy beam transport (LEf3T)

section of the injector. The interface is accomplished through a common end-plate t%it attaches to the

core tank assembly, the vacuum manifold, and the last set of focusing magnets in the LEBT. A machined

cavity is required in the plate adjacent to the RFQ vane ends to allok for tuning of the structure, The

exact dimensions of the cavity are szt during the tuning process before the RFQ is run at high power.

Mechanical indexing via dowel pins will be provided to ensure good alignment between the ‘components.

111. B-6
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4. Coretank Center Joint

The coretank is machined in two sections longitudinally for better accuracy. The joint between the

sections occurs at the end cf cell No. 145 in the accelerating section of the RFQ. This is siightly (0.b

cm) downstream of the geometric center of the tank The joint is placed at a cell end to ease

fabrication. The joint uses a flexible rf contact placed in a racetrack-shaped groove running along the

inner periphery of the cavity. The contact will allow low-current power transfer across the joint if need

be. Since theor~tically all current flow is tangential, the required capacity at the center joint is very

small.

—
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5. Hiqh-Enerqy Interface

At the high-energy (downstream) end, the I?FQ interfaces with a bunching cavity. The fhnction of the

bunching cavity is to provide a better match between the RFQ and the DTL. This interface is similar to

the upstream interface with the LEBT except that the end plate of Lhe RFQ is actually the buncher itself.

This is necessary because of the short drift-space limit between the end of the RFQ vanes and the first

focusing magnet of the buncher. Here again mechanical indexing via dowel pins will be provided to ensure

good alignment between the components.
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6. RF Orive Loops

The GTA RFQ will be a loop-driven structure. The RF drive loop allows transition from 3.125 in.

coaxial line to a diameter that will fit into the RFQ quadrant. The minimum size of the tapered drive

loop is about 1.625 in. The conceptual design calls for 2 drive loops, to be placed near the one-half

power point. The physical location is one-half wavelength downstream of the geometric center (65.15 in.

from the upstream end) exactly between the 5th and 6th set of vane coupling rings. The drive loops will

be placed in opposite ~Uii~’dnts of the RFQ for syfrunetry. The required peak power is aboui 275 kld for each

drive loop. Two drive loops will be sufficient for the short pulse lengths associated with GTA Phase-1,

but there is some concern that four loops may be required for Phase-2 to avoid electrical breakdown. At

the 5% duty factor, however, a good deal of extra complexity is introduced to the RFQ system by additional

loops (more power splitters, phase shift hardware etc.) as well as added complexity to the control

system. Since the mechanical design differences are trivial (i.e. just more of the same hardware), the

two-drive concept is proposed for the preliminary design. An experimental program is under way to

evaluate the actual power-handling capabilities of the loop and the design will be revised if required.
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7. Static Tuning

The RFQ is required to operate at 425 MHz t 20 kHz in order to match the DTL frequency envelope.

The RFQ will be tuned at room temperature in the structures lab. The tuning procedure corrects frequency

errors in the fabricated components due to machining inaccuracies as well as unpredictable small effects

such as vacuum and drive-loop penetrations and vane coupling rings. The tuningprocess Consists of

05taining the proper frequency as well as a flat and stable field distribution along the length of the

machine. The GTA RFQ will be tuned by removing material from the Juter radius of the wall (on the skirt

elements) in each quadrant to approach the design frequency from t~e high-frequency side. This requires

that the resonant frequency of the quadrants be higher than the design value initially so that material

may be removed during the process. The tuning will be done in steps, with disassembly of the section and

machining required at each step.
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8. Fre~uency Control Durinq ()~eration

A. Nominal Temperature and Vanetip Displacements.

The design frequency will be maintained during operation by variations in the machine coolant

temperature. The resonant frequency of the RFQ is extremely sensitive to changes in vane to vane gap that

occur as the temperature of the structure varies. Design studies on the computer predict a sensitivity of

roughly 2 MHz/nn. Since the maximum frequency deviation from the design value is about 20 ktiz, vane-tip

spacing must be contro’-ed to within 0.0004 in. This is quite easily done by slightly varying the coolant

temperature, provided that the coolant channels are properly located. Analysis shows that the maximum

temperature excursion above the coolant temperature at 5% duty will be about ll°F, for the case where all

coolant is supplied at the structure’s stress-free temperature (the temperature at which low power tuning

was done). The resulting frequency shift for this condition would be about -22.2 kHz.
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B- Correction of Frequency to 425 MHz

The required change in vane–tip coolant temperature to correct this frequency shift is about -7”F.

This analysis is fairly crude because there is also some frequency shift of the quadrant due to volume

changes as well as the vane–tip spacing mentioned. In addition, thermal induced errors usually add to the

volume change. However, these volume effects are about 10 times less sensitive than vane-tip effects.
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c. Comparison of Stress Loads

An interesting side effect resulting from lowering the vane temperature to restore design frequency

is that the mechanical stress level, shown here as a plot of the von Mises stress contours (units are

psi), is also lowered. An alternate method of tuning would be to shift the skirt and vane base (the other

two channels shown in the plots) coolant temperature by +8”F. The former method gives a lower overall

stress distribution and is preferred if chilled coolant is available.
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9. Materials Selection

The materials for the GTA RFQ will be copper-clad steel plate for the vanes and skirts and steel

PiPe for the vacuum manifold. The reason for selecting copper-clad steel was that pure copper vane tips

are preferred rather than copper plating to resist electrical breakdown in the high field regions, and

<tee ,. ‘ is known to be easily stabilized mechanically by simple stress-relieving cycles. The bonding of

coDper and steel will be achieved through explosive cladding. Stress analysis shows the combination to be

a good thermal solution as well as a reasonable mechanical solution to the problem of high stability over

a iong lifetime.

The required l/2-in.-diameter cooling passages will be roughly 50 drill diameters deep as drilled

from each end of the half sections. They will be drilled in the blank stage of the machining process so

that no breck-outs will occur. Gun drill operations to 100 diameter depth, for holes larger than 3/8-in.

diameter, are routinely done with drifts smaller than O.001-in. per inch-depth guaranteed.
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full Lenath Assembly

Cross-sectionol area

— + Moments of Inertia (C.G. is beam axis)

1 A
lxx = Iyy =
Polar Moment =

i.7ih.

I

Weight (volume = 5354.973 in. )

al I copper structure

L
Cc pperlS+*el Iti+rr $it~e 0]1 steel structure

all aluminum structure

52.25 in.

448.92 in.
697.60 in.

1729.12 lb.
1518.67 lb.
523.72 lb.
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IILC. DRWI’-TUBE LINAC (DTL)

(Buncher, RCDTI+ DTI+ HEBT & H- Beam Stop)



1[!. c. DRIfT-TU6E LINAC (DTL)

1. Introduction

The 425-MHz drift tube linacs at Los Alamos will operate at 0.1% duty factor in GTA-I and at 5% duty

factGr in GTA-2. H:gh peak power densities on the drift tube bodies result from the 5-MV/m accelerating

fields deve~oped. Average power densities at 5% duty exceed 2.5 watts/cm2, a factor of 6 greater than

the CX F)llJ machine.

A des~gn thrust has been made toward high duty factor capability for these ?inacs. one reason for

this is to develop a machine capable of operation with restricted cooling or in the absence of cooling,

i-e. “burst-mode” operation. Thermal studies indicate that OFHC drift tube bodies can operate CW under rf

dissipation only, and nearly at CUwhen beam loss along the boretube is added. Limitations are imposed by

the presence of temperature-sensitive rare-earth quadruples, which must be protected by thermal gaps.

The principal limitation on high duty operation remains the rf seals that join the drift tube stem to the

girder, as well as the other rf seals in the system.

Drift tube concepts being developed split the quadruple singlet into two-equal elements between

which is nested a fast rf diagnostic probe. The entire assembly is contained within the OFHC body,

prGteCtf?d from rf dissipation by a counter-flow cOOling jacket. The quadruples are isolated from the

boretube by a thermal gap. The drift tube is effectively ‘clamped” against thermal expansion by the

combination cf the cooling jacket and the diagnostic gap in the boretube.
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2. GTA-OTL/8e~mstop Desiqn Parameters

The drift tube ?inac (01[) for GTA provides the major energy gain for the beam, as well as consuming

the bulk of the rf power.

The DTL consists OF seven tanks driven by either two or Four coaxial lines and rf drive loops and

tuned by either two or four motor driven tuners. The tanks are water-cooled and stabilized with post

couplers.

The DTL tanks are separated by Intertank Spacers (ITS) which space the tanks apart bv specific

amounts and which provide freedom of adjustment for aligning the tanks relative to each other.

The nwchanical design features include drift tube bodies containing split-singlet quadruples and

instrumentation probes. The drift tube bore diameters increase as beam energy increases, and the drift

tuoe stem diameters also increase giving a stiffer drift tube suspension in the downstream tanks.

The Phase 1 (GTA-1) H- beamstop will be used for machine commissioning and tune up. It interfaces

with the DTL by means of a beam transport line which includes beam expansion quadruples. The surface of

the beamstop is graphite clad to reduce activation.
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GTA-DTL/BEAMSTOP DESIGN PARAMETERS

Phvsics

Frequency: 425 !4iZ (Nom)

Particle: H–
Beam Current: 1oomA

Energy in: 2.07 MeV

Energy out: 50.27 MeV

Max. Accel. Grad.: 5 HV/m

Max. Focus Grad.: 19 kG/cm

Max. Surface Field: 30 lfV/m(l.5K)

Synchronous phase: -30°

Operational

Max Duty Factor: 5%

Max Pulse Width: 2 msec.

Peak Beam Power: 4.819 NW

Peak Copper Loss: 5.239 H14

Total rf power: 10.058 NW

RF Phase Control: t 0.5°

RF Amp;. Control: t 0.5%

Structure Temp.: 22.2 ‘C (Nom)

AT (5%OF) : 2.8‘C

Operating Press: 10
-6

torr

GTA-1 H- Beamstop

Pulse Power: 5t4hJ

Avg. Power: 5kw

Beamspot Oia: 41 cm

Power Density: 20 W/cm2 (Max)

Stopping Medium: Graphite
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3. GTA-1 OTL Physics Interface Drawing

The critical physics dimensions and operational parameters for the GTA-1 Drift Tube Linac are shown

in this drawing. It includes the mechanical features, such as number of drift tubes, etc. which were

assigned to each tank to produce a canpact design. Two key criteria used to arrive at this configuration

were the maximum accelerating gradient of 5 MV/m and a maximum delivered rf power of 2 Mhl in a given tank.

Theoveralllengthof J6.J63 meters for the OTL shows that the physics design supports the need to

fit the system into the space shuttle bay with a hinge point between tanks 5-6. The DTL interfaces with a

single cell buncher cavity and the RFQ at the upstream end and the beam transport line and H– beamstop

at the downstream end.

The H- beamstop for GTA–1 is a mobile unit which can be rolled into position to allow beam-on

commissioning of each tank in sequence.
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4. OTL Tank Desiqn

This figure shows the first tank of the 7-tank OTL. It is referred to as the Ramped Gradient DTL

(RGDTL) because the axial accelerating field is ramped from 2 HV/mat the input to 4.4 FV1/m at the

output. This ramping i: Accomplished by highly-coupled pest couplers and is one way of matching a high

gradient OTL to a RFQ.

The design features in the RGOTL are typical of the other six tanks in the series. The tank barrels

~re copper-plated aluminum for light weight, high thermal conductivity, and low residual radioactivity.

Multiple rf drive loops (2 or 4 per tank) deliver the power via commercial 6-1/8” coaxial lines. The rf

drives and tuners are lC Jted at balanced power points along the tanks. The drift tubes are supported by

single stems fmm an Gverhead girder. The girder permits accurate off-line alignment and ease of

maintenance. Cryogenic vacuum pumps and rf tuners are located under the tank.

The beamline height is shown for the ATS application. For GTA-1 the beamline height is 60”.
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5. Oetails of 6TA-OTL Design

This figure shows an enlarged cross-sectional cut through the RGOTL (which is typical of the other

six tanks). One major difference is that the RGOTL requires post couplers with highly selective coupling

factors to either end of the drift tube body. Thus the post coupler tips on the RGOTL will be angled

tubing to sweep a conical arc, whereas the other tanks will use tabs as shown.

The girder slot is quite shallow and two tuning bars are shown attached. Metallic C-seals or

multi-lam seals are used at the various rf joints.

Tuning is accomplished with slug tuners or rotary rf tuners. The rotary tuners are still

experimental but may prove to be a better mechanism for vernier tuning of the OTL to follow variations in

RFQ resonant frequency.

The aluminum tank is surrounded with cooling channels. These channels carry counter-flowing

coolant, and the mass transfer rate of each channel is matched by means of orifice plates.
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6. ~—.

The buncher cavity provides longitudinal bunching fields to the micropulses as they traverse from

the Rio o~tput to the first accelerating gap in the RGDTL.

The buncher length CL is a one-beta-lambda drift since the buncher does not on the average

accelerate the beam. This is followed by another one-beta-lambda drift (4.68 cm) to the center plane of

the upstream end wall on the RGilTL.

On the upstream end, the buncher interfaces directly with the RFQ and is shaped to provide the

inductance and capacitance necessary to tune the ends of the RFQ vanes. On the downstream end, the

~~ncher provides the upstream end wall, half CUp, and focusing qu?drupole for the RGOTL.

The buncher carries its own slug tuner. rf drive loop and pumpout port. Its nominal operating point

is at an accelerating Field of 2-75 MV/m, peak surface field of 19 MV/m, and peak power of 15 kW.
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7. 16 SE@4ENT RARE EARTH QUADRUPLES

These quadruples are being used in the tiTA-1 drift tube bodies. The 16 wedge-shaped segments are

mgnetized rare earth materials. To met the needs sf GTA-1, i.e., focusing gradient for a given bore and

effective ?engthp the Mterial of choice is Neodymium Iron (Nd Fe~ ,40, which has a residual induction

(Br) of about 11 KGauss as omosecl to 9.3 KG for samarium cobalt (SmCo5). Radiation resistance of NdFe

is lower than SmCG5 but still adequate to meet the needs of GTA.

The above design utilizes keystoned segments for mechanical rigidity. The segments have their easy

axes oriented as shown in the top two figures for alternate focusing planes. Other experimental designs,

intended for the first high-power test of the split quad concept will use adjus~able or shinwnable segments

rmde possible by captive screws in the yoke.

EDOXY~atting for hard vacuum service is possible using high vacuum-grade epoxies such as DOW DER

--- .:t? ~e: Cami.ne T4C3 as ~ curing acjent.:::”- Vacuum bakeout can be accomplished at 77’C ~nile ther:mlly

.---; ~ :~=>=.. g - 2.adruDole.
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Q. Split-quad Concept

Ely separating the quadruple into a split singlet, it is possible to provide access for a beam

diagnostic probe. This probe uses stripline techniques and high frequency response to provide not only

bsam position information, but micropulse information such as profile and energy as well. The probe

receives signals for the micropulse structure of the beam through a gap provided in the drift tube

boretube.

The boretube gap prevents thermal expansion from distorting the drift tube body and detuning the

cell. The gap merely closes slightly under intense beam loss. The quadruples do not reference by

clamping on the boretuDe but are instead separated by a thermal gap of about 0.25 m all around. The

quadruples are referenced to the datum surface formed by the precision bore of the drift tube body into

which the yoke slips.

A full-length azimuthal cooling jacket protects both the probe and the quadruple from rf power

dissipation on the outer radius of the drift tube.

111. C-14



6.7 lUeV INSTRUMENTED DRIFT TUBE
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9. Thermal Analysis

Ihermal analysis done on the split quad, split bore drift tube concept shows a high capability for

operation at elevated duty factor and significant beam loss heating of the

Examples of analyses on a 34.5 MeV drift tube are shown. The follow”

rf power deposited = 19 kbi peak

Beam loss at 30 ~A/m = 108 M peak

;he rf power is mostly deposited on the outer radius outside the coo”

boretube.

ng thermal loading was assumed:

ing jacket. The beam loss

power is concentrated in a 0.5-cm band in the central region of the boretube.

At 0.1% duty factor, negligible temperature rise will develop along the boretube. At 5% duty shown,

a modest AT of 6°C exists. The thermal limit of this drift tube is estimated to be reached at 77%duty

factor with standard beam loss in which case al = 90” C. At 100% duty with no beam loss, the maximum

temperature rise at the outside corners of the tlT is almost 69° C. Tt,e advantages in using solid copper

are clear. In addition, such designs as these permit consideration of ‘burst-mode” operation, i.e. no

cooling for a number of puJses-

111. C-16
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10. 500 kbi RF Drive Loop

An important peripheral c~mponent in the DTL design, a flat window rf drive loop is presently being

fabricated for high power testing. Shown above is a 500kM design which couples directly to 6-J/8’

conme:cial power coax. The 6-1/8- coax in turn will couple neatly to the solid state power amplifiers

under development, or to the BHEWS klystrons through waveguide/coax power transitions.

The experimental drive loop is retched to 50-ohm characteristic impedance, and utilizes a

high-purity alumina window. As many as four of these loops are required to drive each high powered tank

in the GTA-1 DTL.

A one megawatt drive loop is also under consideration. It might be used to minimize the

transmission line congestion problem in GTA-1.
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11. Taut Hire Alignment

The L13L technique developed by Robert Main for alignment of drift tubes using a current-carrying

taut Hire h~s been resurrected at Los Alamos for determining the magnetic centers of the new, high-powered

pemanent magnet drift tubes.

The original technique used a horizontal tungsten wire tautly strung through the drift tubes of an

assembled linac tank. As each electromagnetic quad was switched on, current pulses delivered down the

wire caused it to recoil if it was off the magnetic center. The new application of the technique cannot

be applied in this way since the quads are permanent magnets.

Instead, the wire is fed vertically through each single drift tube before installation and pulsed to

determine the magnetic center relative to the drift tube o.d. These data are then fed in the alignment

scheme of the machine to provide offsets for the drift tubes.

Sensitivity of the technique is 10.003 nm, and drift tube alignment of tO.05 IIEIIhas been

achieved.

The GTA OTL requir~nt for mechanical alignment is a maximum of tO.125 nunbut we will attempt tO

approach M.05 nm.
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22. GTA-1 H“ Beamstop

Ihe mobile beamstop for the GTA-1 H- beam is shown. This unit is used in commissioning the linac

and during tuneup. when the 180° bend magnet is switched off. The bearnstop utilizes the central plate

from FM1l. a tiuter-c60~ed copper assembly capable of dissipating 500 w/cm2 from a low energy beam. At

50 Me’i. protons produce much neutron activation so the plate is sheathed in graphite to prevent the

protons trIcm striking metal. The power density is reduced to 20 w;cmz to allcw mechanical attachment of

the graphite tiles.

The beamstop can be “wheeled up to any of the DTL tanks as they are seri~lly in~td]led fGr on-line

checkout.
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GTA-1 H MOBILE BEAMSTOP (5KW)
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13. BeaR Dyfiamics Throuqh the GTA-1 DTL

The abo~e figure shows the emittance growth through the GTA-1 DIL. lhe results of a PARHIEQ run

through the GTA ! RFfj is used as input for a PARMILA run through the DTL. Ihe l)lL emitlance growth with

an input of 100 MA is about 8% and does not exceed 0.02 s cm=mrad at 50 HeV. Emitt~nce growth in the

last three tanks is essentially zero.

Ihe c~utation shown is the final run made on the OTL with split singlet quadruples and shows that

such an arrangmnt produced only slightly more ernittance growth than an ideal singlet system-
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. SUMMARY

18(P BEND
● D~MINATED By SPACE CHARGE BUT

CAN BE SOLVED BY QUADRUPLE
COMPENSATION.

TELESCOPE
M~()~~~A~~~ ~~ AB~~~A~~~~s O~T

CAN BE BALANCED AGAINST FIRST
ORDERANDREDUCEDWm’1
OCTUPOLESm

STEERING
,

● DOMINATED By CHRQMATISM BUT

CAN BE MADE ACHROMATIC AND
SENSITIVITY REDUCED BY
DEBUNCHING.
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● THE BEAM IS INCREASED IN SIZE 25 TIMES

● SPACE CHARGE FORCES VANISH

● ABERRATIONS REMAIN

OBJECTIVE
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BUNCHER CAVITY (MOMENTUM COMPACTOR)

pair of side coupled cavities

shunt impedence 40 MWm
transit time factor -0.9
voltage 890 kV

length 44cm (425 MHz, ~A/2=22cm)
diameter 50cm
power 46 kW CW

Beam loading
induced voltage
t ming angle
frequency shift

2 cavities 4 cavities
1.76 MV 3.5MV
63 ‘ 77°
12 ki+z 25 kHz
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GIA-I tlud 1: DeDulKhedto O.001 dP/P; 10rnx 0.4mtelescope; 0. Sdeg steering

40

60

1000

0.001

312

0.0087
0.001
0.333

x(o)

2.0

2.5

3.0
3.5
4.0

4.5

5.0

5.5

cm GTA-I telescope bore

cm-~r Laboratory emittance at 50 tleV (20 cm-~r normalized)

cm 10m GTA-1 telescope length

@/P Debunchedto 100 KeVeriergy spread

radians Aperture aberration coefficient for f/25 telescope ( 100014O)

sin(O.5deg) tlaximum steering angle of0.5 degrees

radians Steering magnet field quality term
correction factor Balance Ist and3rdorder aberraticms

0-emit

30.0

24.0
20.0
17. I
15.0
13.3
12.0
10.9

TELESCOPE CONTRIBLiTION STEERING C(NTRIBUT ION

0-chromat @-aperture 0-chromat 0-quality

2.0

2.5
3.0
3.5
4.0

4.5

5.0
5.5

0.8

1.6

2.8

4.5

6.6

9.5

13.0
17.3

0-emit = emittance/x

Telescope @-chromatic = dP/P*(x/L)

2.9
2.9
2.9
2.9

2.9

2.9

2.9

2.9

2.9
2.9
2.9

Z.9
2.9
2.9
2.9
2.9

in telescope, and trim steering

x(0) @-telescope 0-total

2.0 30.1 30.4
2.5 24.2 24.5
3.0 20.4 20.8
3.5 18.1 18.5
4.0 16.9 17.4
4.5 17.0 17.4
5.0 18.4 18.8
5*5 21.2 21.6

Telescope O-apertwe = (312) *(x/L )-3*f (Triplet, linearly scaled in all dimensions)

Steering O-chromatic = dP/P*sinA*f
Steerir!g O-quallty = 0.001 *A*f
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[11.: ‘UTRALIZER

The ~ptions considered for neutralizing the partic!e beam were: gas cells, both sta’i:c and dynamic;
so!ick, inc!uding thin fo[ls, soap films, dust particles, and vapor or liquid droplets; laser photodetachment;
plasmas; charged pam[c!esbeams; and electro-magne(ic fielas. The baseline design selected was an axial
flow gas ceil. This seiection was made because the mature technology of the gas cell suggested it wou!d

be the only way to assure a neutralizer could be designed and fabricated in time to meet the program schedule.

The axial flow gas cell consists of a ci;cular tube intc ;vhich gas is injected through a series of small

orifices drilled around the circumference of the tube at its mid-plane.. The gas is injectea from a p!enum

for equal distribution to the orifices. The injected flow fills the neutralizer tube and flows equally out

both ends. It !s emphasized that the gas flows equally out of both ends of the neutralizer and is not

preferentially forward directed as is done in the BEAR neutralizer or was previously proposed for GTA-1.

The reason is, it is just as important to keep gas out of the beam sensing area downstream of the

neJralizer as it is to keep gas out of the telescope region upstream.

E:c charged parhcle beam from the accelerator passes through the gas on the axis of the tube

and is neutralized by coulnmb interaction with the gas molecules. This technology is straightforward.

Solid, thin foils have been used in the accelerator field for a number of years and are a very attractive

alternative !0 gas cells. Foil neutralizers ilave more advantages than gas cells, the greatest being that

they do not require the gas injection that destroys the integrity of the vacuum in the system. However,

fo~!s the size (diameter) and thickness required for GTA-1 have not been developed yet, so the foil design
is being carried as a back-up concept pending development of the proper foil.



● BASELINE DESIGN SELECTED FOR lHE GTA-1
NEUTRALIZER ISAN AXIAL FLOW GAS CELL
CONFIGURAnON.

● BACK-UP DESIGN IS A FOIL NEUTRALIZER.
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Iln !~~ Desian Parameter

The design parameters were chosen as a compromise between stripping efficiency, beam divergence,

and the amount of gas injected into the system. The stripping efficiency is a function e’ the target

[hlckness, which IS a fune:l~n of the gas density and the neutralizer length. The beam divergence

IS a function of the neutralizer length. The amount of gas injected into the system is a function of

the gas pressure (density) and the exit bore diameter.

The target thickness was chosen from theoretical considerations as being that which gives maximum

stnpplng efficiency. The 100 cm length and the 2 E-2 torr pressure were chosen as the best compromise
between gas density and length to give tile required target thickness without making the neutralizer

excesswely long (beam divergence) or Excessively high in pressure (amount of gas injected to system).

The 30 cm diameter is the resui~ of a requirement for a fl /2° beam steering angle frcm the output

o~tlcs. This requirement, coupled with the distance of the exit end of the neutralizer from the steering

magnet, and the 25 cm beam diameter, resulted in the 30 cm neutralizer diameter to prevent the beam

from c!lpping the walls.

Argon was chosen .S the baseline gas. Fditrogen and carbon dioxide are also being considered. Carbon

a~oxlcte is of interest because it is more easily condensed than argon ~r nitrogen and would not require

as cold a surface temperature on the cryopanels that will be insta!led to pump the gas from the system.
The totai peak mass flow IS the amount cf gas that will flow from a 30 cm diameter orifice with an

upstream pressure of 2 E-2 torr. This is the rate at which gas would be added to the system if operated

Conhnuousiy. However, to reduce the amount of gas added, the flow will be pulsed at a rate of 3 gas

pulses per second with a pulse width of 3C) msec per pblse. This results in an average mass flow rate
mat IS approximately 10 times less than the total peak flow-, i.e. 0.1 10 gm/sec.
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BASELINE GAS CELL DESIGN PARAMETE~ (3TA=I
NEUTW4JMZER

LENGTH = 100 cm
DIAMETER = 30 cm
PRESSURE = 2 x 1()-2TORR
TEMPERATURE = 300° K
GAS = ARGON - BASELINE

N = BEING EVALUATED
CO = BEING EVALUATED

TARGET THICKNESS = 4.5 ug/cm2

MASS FLOW = 1.10 gm/sec (Total peak)
REPITITlON HATE = 3 HERTZ
GAS PULSE TIME = 30 msec

CONSTANT
AVERAGE MASS = 0.110 gm/sec

FLOW RATE
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3- Neut rzdizer Svste m E310ck Diaaram

The biock diagram shows the various components necessary for the system. The neutralizer

tube is shown in the center of the system. The effluent gas ejected from the neutralizer is pumped

by a cryopanel pumping system located upstream and downstream of the neutralizer tube. Isolation

valves on ei;her end of the system allow it to be isolated from the rest of the system during

cryopanel regeneration. This prevents pressure buildup in the rest of the system. External

to the system are the s~pport systems. A. roughing vacuum system consisting of a mechanica! pump

lor rough pumping and a turbo pump for faster pumping at low pressures will be used to initially

evacuate the system and then to pump off the condensed gases as the cryopanels are regenerated.
Refrigeration systems are required to provide coolant to the cryopanels. The gas supply delivers the

flow to the neutralizer and the control! instrumentation system monitors and regulates the gas flow.

The magnetic shielding is required to prevent the earth’s magnetic field from interfering with the

beam before it is neutralized.
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4. Crvormmc) Lenath VS Gas Flow

The pressure in the system immediately upstream and downstream of the neutralizer system
is a function of the distance frcm the neutralizer. The gas expands from the neutralizer essentially
as a free jet. As the gas expands radially outward it contacts the surface of the cryopanels. If
it is assumed that each gas molecule that contacts the cryosurface sticks to the surface and is lost
from the gas flow, ihen the pressure in the axial direction will ckxrease as the square of the length.

The conditions at the exit of the neutralizer cell are shown to the left of the figure. A ileutralizer
pressure of 2 E-2 tcv and an exit diameter of 30 cm result in an effluent mass flow rate of
0.05 gmkec frcm each end of the cell. The table shows how the mass flow exiting from the system

at point B varies with increasing cryopanei length. For example, the mass flow exiting the system

at a distance of 200 cm is only 0.T% of the mass fiow ejected from the neutralizer cell. The pumping

speeds shawn in the table are the pumping speeds that would be required downstream of the

isolation valve to maintain the presstires shown. For example, based cn the amount of mass flow
exiting the system after 200 cm of cryopumping, a pumping speed of 1,600 liters/see is required
to maintain the pressure at 1 E-4 torr, or 16,000 liters/see is required to maintain 1 E-5 torr.
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5- Mass Flux To Crvo surface Vr Lenath

The plot on the left shows the distribution Of cryodeposit on the surface of the cryopaiIdS. h

is based on analytical predictions of the flow field exiting from the neutralizer. The different
curves shown are for different internal diameters of the cryopanel. The smallest cryopanel
diameter considered was merely an extension of the neutralizer tube, i. s., 30 cm diameter. The
largest considered had a diameter twice that of the neutralizer cell. In all cases, the bulk of the
cryodeposit is collected on the surface in the first half of the cryopanel section. The small diameter
has the sharpest peak because there is not as much surface area available to distribute the deposit
over, and the flow does not have a chance to expand from the neutralizer before striking the surface.
Therefore, the bulk of the flow is deposited in the first quarter of the cryosection. As the diameter
increases, the surface area increases and the flow expands more. This results in a more even
distribution of the deposit and a slower build-up rate.

The plot on the right shows how the maximum deposit thickness varies with cryopanel diameter.
For example, after 1Cl hours of operation at an average mass flow rate of 0.05 gmkec, a 60 cm
diameter cryopanel has a depcsit thickness of approximately 0.1 cm at the point of maximum build-up.
If it is assumed that the imaximum deposit thickness allowed before regeneration is 1 cm, then a
60 cm diameter cryopanel could be operated for approximately 100
rate of 0.05 gmhc before requiring regeneration. This means the

once a week.

hours at an average mass f!ow
system need only be regenerated

II1.E-10
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6. crvoD umo Refrigeration Thermal Loads

The cryopanel section will be built as lhree concentric cylinders. The inner cylinder, operating
at a nominal 20”K, pumps the effluent gas. The outer cylinder is the vacuum housing and will

essentially be at room temperature (300* K). The intermediate cylinder, operating at a nominal 77oK,
is a thermal radiation shield to reduce heat gain to the 20°K surface from the vacuum housing.
Determination of the thermal loading on the cryosurfaces includes both the loading from gas
condensation and the loading from thermal radiation from the surrounding surfaces.

The 20°K surface removes gas from the system by condensing it to a solid. The energy

removed from the gas in condensing it goes mto the cryosurface and must be removed. The

calculated thermal load caused by gas condensation is 18 watts.
The 20”K cryopanel receives thermai radiation from the neutralizer cell on the upstream end

and from the exit tube on the downstream end. If the neutralizer cell and the exit tube are both

operated at 300° K, the thermal radiation load on the 20” K surface is 36 watts. When this is

added to the load from gas condensation, the total thermal load on the 20°K surface is 54 watts

per crjopanel {or a total of 108 watts for both cryopanels).
The radiation loading on the 20°K surface can be reduced considerably by extending the thermal

radiation shield in both directions, i.e., extending it to cover the neutralizer cell on the upstream
end, and extending it past the end of the 20”K surface on the downstream end. The neutralizer
cell can now be operated at a lower temperature by allowing it to radiate to the 77° K shield. The
surrounding surfanes that the 20°K surface “sees” are now operating at colder temperatures and the
thermal radiation contribution from these surfaces is greatly reduced. if the neutralizer cell is
controlled to operate at 150°K and the crj~pump exit has a 77° K shield, the thermal load from
radiation is now 14 watts, for a total therlmal :oad on the 20° K surfaces of 32 watts.

Thermal loading on tfte 77°K surface comes from radiation from the vacuum housing walls and
from the neutralizer ceil. The total calculated thermal load on the 77°K surface is 140 watts per

end, or a total of 280 watts.
111. E-12



CRYOPUMP REFRIGERAllON GUli-1
THERMAL LOADS NlLUiiWUU4kZE12

Q

THERMALLOAD FROMGAS CONDENSATION= 18watts
(0.05gmlsecARGON FLOW)

F ‘tDIATKINFROM NEUTRALIZER = 10 watts
(300” K)

RACMATICN FROM CRYOPUMP EXIT = 26 WattS

(300”K)
54 wafts

RADtATiONFROM NEUTRALIZER(150-K)
RADIATIONFROM CRYOPUMP EXITWITH = 14 watts

77” K SHIELD
THERMALL~AiZFROMGAS CONDENSATION= 18watts

(0.05 gmkec)
32 watts

THERMAL LOAD ON 77 K SHIELD = 140 watts
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7. cTYC)IIUfflD Refriae ration Sc)ecifications

The c:yopane!s and therms! radiation shields wil! be cooled using standard cryopump refrigeration
heads attached directly to the surfaces. The heads that will be used for the 20°K surface are
two-stage heads with a capacity of 15 watts each at 20°K. Six of these heads (three on each

cryopacei) ~:i! yieid a capacity of 90 watts, which offers a 40°/0 margin in capacity to the calculated
64 watts.

The heads far the thermal shields are single-stage heads with a capacity of 100 watts each at
77°K. Two of these heads on each thermal shield will provide a thermal margin of approximately

45 ?4 in shield cooiing.

The cakmlated time to cool the panels from 300°K to 20°K is 10 hours. This is based on the

capacity o? the refrigeration heads and the thermal mass of the system. This 10 hour time period

does not have io be experienced every time the system is regenerated. During regeneration it is

necessary only to w~rm the system to 100°K to drive off the argon gas. This offers a considerable

time savings during regeneration. As shown the calculated warm-up time to 10O°K is two hours,

and the calculated cool-down time to 20°K is two hours.
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CRYOPIJMf REFRIGERATIONSPECIFICATIONS
I

@j~&~.=j
NEUJTFW!JIZER

I

● CliYOPANEL LOAD = 64 watts@ 20° K
6 REFRIGERATION HEADS= 90 watts (40% EXCESS)
(15 watts each)

● SHIELD LOAD -280 watts @ 77° K
4 REFRIGERATION HEADS: 400 watts (45!!6 EXCESS)

(100 watts each)

● COOL DOWN TIME = 10 HOURS
(300°K to 20°K)

● 2 HOURS FROM 20°K to 100°K
● 2 HOURS FROM 100”K to 20”K
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9. Crvotwnm Svstem Contiauratioll

Two design study contracts were avvafaed to provjde conceptual destgns for the cryopanel system.

One contract was awarded to CVI, inc. in Columbus, OH., the other to Air Products and Chemicals,lnc.

in Allentown, PA. As previously discussed, there will be SIX two-stage heads attached to the 20° K

cryopanels and four single-stage heads on the thermal shields. The coneptual design layout shown

here is frarn CVI. It gives a good scaied picture of what the gas neuta[izer system wili probably look

/ike. One correction that should be noted is that the o-(eraii length of the neutralizer is 6 meters, not

5 meters as CVI has shGwn. The difference is the cryopanel sections will be a fu!i two meters iong

nefore transitiorling to the valve.
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n0. Foil Neutralizer

The back-up concept for the gas neutralizer is a foil neutralizer. A foil neutralizer consists of

a solid, thin foil of aluminum or carbon on a supporting grid structure made of nickel or some other

suitable material.

One of the major concerns with using toils is their fragile nature. The figure shows dimensions
for an alum:num. foil and nickel grid. For aluminum, the calculated optimum target thickness is

5.0 ygrmc!nz When the density of aluminum is considered with this parameter, the thickness of the

foil can be calculated and is 500A. obviously, a material this thin needs some kind of supporting
s(ructure, but that s~’pporting structure can not be very big or substantial because it will absorb

a large fraction of the particle beam and heating of the grid will be a problem. Therefore, a
very small grid must be used. Typical dimensions of the grids that have been used are shown.

Because of their fragile nature, foils and grids of the so cm diameter size required for GTA-1 have

not been made routinely . It has been a development process, and only Irl the last Couple of months
has there been promising progress made with the foils. FGils 5 cm in diameter have been

successfully tested on the beamline at Argonne National Lab in conditions that are more severe

tha~ is expected in GTA-I. Recently Oak Ridge National Lab, who has been supplying the foils, has

smted rather optimistically that they are very confident they can produce 30 cm diameter, single-

plece foils of the correct thickness.

Some Gf the questions that still remain to be investigated and answered about foils are:

( 1) WIII Clak Ridge really be able to produce the larger diameter foils? (2) Will the larger diameter

foils hoid Up as successfully in beamline tests? (s) Due to their fragile nature, will the foils

De aDle to wlthicand the forces of launch iii a space vehicie? (4) If not, does it make sense to use

folk for GTA-1 if we know they will not work in ISE-1 ? (5) Can the foil technology be expanded to

be useful in the sizes needed for GTA-2’?
111. E-20
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tI! F. BEAM SENSING
1“.-(introduction.
a. Requirements.

The stated requirements on the Output beam direction sensing system are simple. First, it must
measure the nominal direction of the beam centro!d to a resolution of not worse than 10 micro-radians.
Second, it must determine the focus characteristics of the beam to assure an acceptable spot size.
Finally. some form of redundancy IS needed to assure that beam quality is as required. The term
“scoring System” has been used to describe this verification. To completely fulfill the mission of the GTA-
;. its beaim sensing system must be capable of providing an adequate test of the concepts and
component~ planned for use on the ISE-I platform. An unstated, but very important, requirement for the
GTA-I sensing system is the verification and qualification of the etitput optics and beam expansion
teiescope. No other system IS capable of ma~mg thrs measurement; and the beam sensing system
cannot correctly perform Its funchon until the dehvered beam IS of acceptable quality.

b. A~roach.
The bulk of the design effort on the GTA-I beam sensing system will focus on two areas. First,

there must be a system suitable for the complete measurement of the beam emerging from the output
telescope. This telescope qual!ficatlon system can sewe the dual function of providing beam scoring
infc:rl-)a!ion. The second major system WIII develop one of the rlon-~r,terceptive beam sensing
techniques. some form of the LRF (Laser Resonance Fluorescence) is favored, but both ICA (lntra-
Cavity Absorption) and emission Doppler are possibilities.

Many of !he components and subsystems on the GTA-1 design will be tested and verified on the
ANL( Argonne National Laboratory) 50 tvleV 1+-beamline prior to incorporation into GTA. The ability to
perform design verification on a separate, immediately available test bed of the proper energy will be an
indispensable tool in the final selection of GTA sensing equipment.
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REQUIREMENTS ON GTA=I BEAM

SENSING SYSTEM

● MEASURE ~ BEAM CENTROID DIRECTION TO 10 prad IN POLAR
ANGLE

“ DEVELOP A SCOR!NG SYSTEM TO DEMONSTRATE THAT PRECISION

‘ PROVIDE DESIGN SUPPORT FOR ISE-I

“ INCORPORATE A SYSTEM THAT IS lSE COMPATIBLE

‘ MEASURE CENTI?OID DIRECTION IN LESS THAN ONE MACROPULSE

● DETERMINE BEAM FOCUS INFORMATION

“ INTERCEPT VERY SMALL FRACTfON OF BEAM CURRENT

a SENSE AND TRACK A MOVING BEAM

● REDUCE DESIGN RISK FOR GTA-2 SYSTEM
111.F-3
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c. Svstem Desian.
It is almost certainly true that any one of Seve[ai techniques could meet the minimum GTA-1 beam

sensing requirements; however, the interest IS In selectlng the one that best meets the unique
combination of requirements for all program elements.

For higher beam powers and higher duty factors, some form of non-interceptive technique is
mandated. Of the interceptive techniques, the wire shadow IS most attractive because it intercepts
minimum beam. Unfortunately, there IS question about the ultimate pomtmg precision achievable by a
mechanical wire shadow. Pinholes, a viable technique for the short-term requirements of telescope
evaluation on low-power, low-duty-factor beams, rnUSt soon be abandoned because of intercepting a
large beam fraction. Pinhole techmques might remam viable for working m the beam periphery.

All identified non-interceptive techniques are large, complex, and suffer from some uncertainty in
reference alignment with the platform pointing axis. LRF techniques have the additional problem of
fighting detection backgrounds and usually incorporate lasers unproven In space.

For the commissioning stage on GTA-~, pinholes can be used with a fluorescent screen coupled to
high-resolution video cameras. This technique is relahvely,slmple and allows a direct, unambiguous
qualificaiton of the output beam. Meanwhile the ~TA team WIII Pursue development of issues pertaining

to several of the non-mterceptwe candlda~e techniques: To prov!de W_ect support for the ISE- 1 program,
development will continue on a minimally mterceptwe direct sensing scheme.
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DIRECTION SENSING TECHNIQUES

INTERCEPTIVE ADVANTAGES ISSUES

PINHOLE SIMPLE, DIRECT SURVIVAL,RADIATION
BEAM LOSS

WIRE SHADOW MINIMALLY
INTERCEPTIVE ULTIMATERESOLUTION,

DETECTIONMETHOD

NON-INTERCEPTIVE

(LRF, ICA, t)OPPLER) NC)FUNDAMENTAL BACKGROUNDS,
BEAM POWER LIMIT COMPLEXITY,

RESPONSE TIME,
SPATIAL Resolution
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d. Laser t?esona~lce Fluorescence Conceot.
The basic concept common to all LRF schemes is depicted on the facing page. A laser beam of

suitable wavelength and low divergence intercepts the NpB at an angle 0, often referred to as the
“magic” angle. The magic angle is that Iabcratofy angle at which the laser beam appears to intercept the
NP13 at right angles to the moving frame of reference. Only at this magic angle does the momentum
spread of the NPB have minimum impact on the absorption line width. This “magic” angle is a function of
the energy of the NPB, given by 0 = Cos-~ (!3), where 13= v/c. The effective laser frequency as seen by
the mGving neutral particle is given by ~’ = v gamma (~-fi cos 0), where i k the laser frequency inthe
laboratory. For the LRF to operate correctly, l“ must be equal to the frequency of the sharp resonance
line to be excited. If the magic angle o and the laboratory laser frequency 4 are chosen as abcve, there
will be a sharp resonance for excitation of the neutral particles. Degree of absorption will be a function of
the B of the beam and the precise angle 0 between laser and particle beams.

The actual parameter sensed is the emission from the excited state of !he neutral atom as it decays
to a lower energy state. There will be a detectable peak in this emission when there is the best match for
the excitation laser. High-efficiency detectors may be used in the resonance decay region to detect the
point at which there is an optimum match between either the magic angle or the laser frequency. Either
the angle or frequency may be scanned in time to permit mapping out the resonance. For a complete,
two-dimensional sensing system, this arrangement must be duplicated in the orthogonal dimension as
well.

The basic concept for LRF beam sensing has been proven in experiments at the Los Alamos Van de
Graaff. Planned experiments at the Argonne National Laboratory Neutral Beam Facility, the HIRAB
beam on the Meson Physics Facility at LANL, and the GTA-1 beam wili verify the LRF performance at
beam energies of greater interest.

The LRF concept offers the advantage of a technique that is totally non-intrusive (ncn-interceptive) to
the NPB and that shows promise of meeting all anticipated precision requirements. Issues to be
addressed are the system complexity, laser reliability, and signal to background ratios.
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e. ISE-1 ComDat ibility.
The GTA-I beam sensing program will offer unique and valuable support to the ISE-I program. In

the early stage, telescope qualification tests at both ANL and GTA-1 will completely characterize the
performance and quality of the large-diameter particle beam emerging from the output telescope. Even
with a non-prototypic beam, this test will verify the optics design cGdes. Also in this initial phase,
accelerator performance and characteristics will be measured.

There will be some form of mechanical sensing or scoring system on GTA-1. Operation of this
system will serve an an important test of at least one mechanical system that might be considered for use
orI ISE-I. A minimum of one non-interceptive sensing technique will be incorporated on GTA-1. This will
offer the first opportunity to test an integrated non-interceptive system.

One specific test to be performed is the evaluation of small-diameter fluorescent fibers inserted
into the beam. This test is a logical and important extension of the fluorescent screen that will be used for
initial telescope evaluation. If successful, it will offer the opportunity of a minimally interceptive direct
sensing scheme that can qualify output optics performance, perfom i prima~ beam sensing, or serve as
an on-line scoring syst~?mfor a different technique. This particular concept offers the design simplicity of
a direct, interceptive system with a simple detection scheme.

The entire output system will be configured such Ihat any of several major components may be
separately replaced by units supplied by contractors to facilitate the qualification of other sensing
systems.
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GTA-I BEAM SENSING SYSTEM

PROVIDES VALUABLE ISE-I SUPPORT

● OUTPUT OPTICS DESIGN CODE VERIFICATION

● TESTS OF SELECTED COMPONENTS AND CONCEPTS

● SYSTEM LEVEL VERIFICATION ON GTA-1
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2. ~munc state excitation for 1.RF.
One of the principal advantages of using direct ground state excitation is that at least 7570 of

Peu~~21 2~OnS emerging from the neutralizer cell are in the ground state. This means that one can get
the higfiest potential signal from this process. Also, atoms in the various excited states are scattered
through a larger angle than ground state atoms. Making a centroid direction determination from higher
exckd states means measuring a broader direction spread.

If a transverse electric or magnetic field is used to quench (by mixing) some of the excited states,
tne effective background signal may be significantly reduced. Ground state excitation thus has both the
Imys? poten?ial signal and a smaller possible background. The signal to background ratio is the most
irnpc,rtantsingle parameter for any LRF sensing concept.

The unshifted Lyman-beta line is at 102.6 nm. For a 50 MeV beam excited at the magic angle, a
wavelength of 97.4 nm is needed. This wavelength, significantly shorter than the Balmer series, means
that an acceptably divergent laser beam is about one-sixth the diameter of an equivalent Balmer-
wavelength [aser beam. It is also a small fraction of ?he neutral particle beam diapi-icier. For this
condition. k becomes feasibie to think of spatially plubing the NPB to measure beam focus directly.

Detection wavelength can be at either the Lyman-beta or the visible 13almer-alpha (at 656 nm,
unsb~fted~. Detection in the visible offers dramatic simplification ever working in the VUV.

The most significant issue facing the use of ground state excitation is the generation of the ex~ ‘ting
laser wavelength. Lasers opera?i~g directly at 97 nm are not yet feasible. The frequency mixing sch~me
depicted on the facing page is an acceptable technique, but has an overall efficiency of less than 1E-6.
Nevertheless. working with presently available laser amplifiers, it should be possible to saturate the
Lyman-beta transition. Each of the generation techniques has been proven independently. It remains to
show the feasibility of constructing a operable system incorporating all generation steps.

Another attractive feature of this concept is the simple scaling to all beam energies of interest. Simply
changing the dye used in the “local oscillator” will allow covering all energies from 50 to 200 MeV.
Furmer. at a beam energy of about 223 MeV, the relatively unreliable dye laser can be eliminated
completely.
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GROUND STATE BEAM SENSING
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3. Experiments.
A comprehensive set of small experiments on numerous concepts and components is an important

part of lhe GTA-1 beam sensing pro~(am. This program will include non-beam (offline) tests,
experiments at two different beamhnes at ANL, and experiments on GTA-1 itself. The off-line
ex~eriments will include items such as retesting a simple ICA cavity to develop faster tuning, better
ce;ec!r”. techniques. and measurement of time periods- A suitable VUV laser for ground state excitaiiorl
wii: bs developed off-line as well.

Tests on the unexpanded ANL Phase-A beamiine will include the determination of shie!d
Wect;veness against both prompt gammas and neutrons. Additional spectral measurements will be
rnaae in both tne Balmer and Lyman series. An early test will characterize the shadow of a small-
dia,meter wire inserted in the beam. Optical scintillators (both thin sheets and fibers) will be evaluated in
characteristic beam densities and energies. The performance of different prototypic detectors will be
monitored as a function of gas pressure and species. The angular divergence introduced by solid foils is
an unresolved ksue. An early test will be tailcred to perform this h!gh-precision measurement.

ArI expanded. large-diameter. neady parallel beam wi!l be available f:om the P.NL Phase-B
~eam!ine. Beam expansion is the result of an output telescope whose performance Imust be measured
by the beam sensing system before true beam sensing runs are begun. Later, beam sensing
experiments will be made with both direct, interceptive techniques and non-interceptive methods. In this
prccess. !he GTA-I beam sensing system will be largely qualified. Later, it should be feasibie to perform
some simpie beam-steering and direction-control experiments.

Reliable beam is available at an early date from the ANL beamline, but experiments capitalizing on
the increased beam current, longer pulse length, and higher duty factor will be performed on GTA-1.
One of the important early runs is qualification of the output telescope with significant space charge. The
testing of LRF (or other non-interceptive techniques) will be performed at higher beam currents and duty
factors. With prc!otyplc parameters, this test can provide complete design verification for ISE-1. Because
of improved integration with the ion accelerator, it should be pcssible to perlorm more comprehensive
beam-steering and focus-control experimental runs than were possible at ANL.

111. F-14



EXPERIMENTAL EMPHASIS

“ THE FOCUS AT ANL WILL BE ON PERFORMINGMAXIMUM
NUMBEROF BASIC EXPERIMENTS. RELIABLE BEAM IS
AVAILABLE NOW

“ BEAM SENSING EXPERIMENTS AT GTA-1 W“ ~ FOCUS ON:

“ THOSE ISSUES THAT ARE UNIQUE TO GTA-I

- SPACE-CHARGE EFFECTS

- lhlCREASEt) BEAM lhfI’ENSITY

- LONGER PULSE LENGTH

‘ BEAM CONTROL SYSTEM ASPECTS FOR GTA-2

‘ l?4C0RPOHAT10N OF FEEDBACK SYSTEMS TO
CONY’ROL BEAM POSiTION AND STEERING

IH. F-15
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4. Selection.
There were several reasons for the selecion of the two independent beam sensing systems on

GTA-1. First, it was considered absolutely essential to provide a system that would completely measure
and characterize the performance of the beam dehvered to the beam sensing area. Without a high-
qua!ity, nominally parallel beam, high-preclslon beam sensing is not possible. The selected, interceptive
pinhole concept seems enhrely appropriate for the output telescope qualification. Thk system can be
used on both the H- beam upstream of the neutralizer, and on the neutralized beam downstream. The
telescope qualifciation system wiJJ determ;ne the spatial location of centroicis of many (peri~aps
hundreds) of beamlets across the beam profile, and wtll determme high-resolution profiles of a selected
few of the beamlets. In this way, both the beam aberrations and the transverse emittance of individual
beam lets may be measured.

The selected non-interceptive techniq~e should support follow-on programs such as GTA-2. The
selected technique should be compatible with GTA-2 precision requirements and should offer an
opportunity for incorporating space-qualified components. Based on the large number of successful
experiments performed at Los Alamosand elsewhere, some version of the LRF concept seems to offer
the highest probability of technical success. The associated development program will continue with
investigations into direct sensing schemes that intercept a smaller fraction of beam current, and with
non-interceptive alternatives to LRF.

The GTA-1 sensing program was designed to be complementary, not competitive, with the ISE-1
progral~l. It will offer the only early opportunity to evaluate several of the possible sensing schemes on a
NPB system that is functionally similar to the ISE-1 configuration.

111. F-16
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5. Status.
There are se.tieral concurrent activities on the GTA-1 beam sensing program. A detailed design k

Fmceed;ng on a pinhole-based outpu! telescope evaluator. Meanwhile, major identified issues are being
addressed on various non-interceptive sen@ concepts- T~R :’co~ventlonal” LRF technique with laser
exc~tation from the 2S excited state IS being pursued. ActMles m support of this technique include
measurement of various backgrounds, determination of detector performance, and preliminary
equipment and system designs.

A moderate effort is proceeding on investigation of ground state excitation because of the
advantages listedearlier.If the gro~nd state excitation laser can be developed, this technique would be
favored for LRF. In parallel with LRF techniques, a limited investigation is continuing on the ICA. Initial
work consists of restoration of an ICA experiment performed years ago in the MFE-CTR program. A
planned follow-on, more sophisticate experiment should soon answer questions about ultima?e ICA
system feasibility for use on NPB’s.

A large fraction of the near-term activitieson GTA-~ beam sensing will focus on fundamental
experimentsto be performed on the 50 MeV H- and neutral beam line at Argonne National Laboratory.
Beam parameters at ANL include beam currents of 1-10 mA, nommal pulse lengths of 100 micro-
seconds and a beam repetition rate of 3 PPS. While net a pefiect match for the GTA-I parameters, the
ANL beam offers a convenient, early and reliable test bed for evaluating most GTA-1 sensing concepts
and components. The extremely high reliabili~ of theANL beam IS largely due to the fact that it has been
operational since about 1961. The design risk for the GTA-I and I.SE-l systems can be dramatically
reduced by a timely and comprehensive experimentalprogramatArgonne,wherebeam parameters are
acceptably close to those of GTA-1.



PROJECTED NEAR-TERM BEAM

SENSING STRATEGY

PROVIDE EQUIPMENT ANtl EXPERIMENT DESIGNS
FOR GTA-1

PERFORM MAXIMUM NUMBER OF PROOF-OF-PRINCIPLE
EXPERIMENTS AT ANL

RATI(XJALE:

THE ANL LINAC IS 0PERA710hJAL, RELIABLE AND
AVAILABLE

NEAR-TERM, SMALL-SCALE EXPERIMENTS AT ANL
WILL PROVIDE TIMELY DESIGN INFORMATION FOR
GTA-I AND BE-I
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6. Kev Milestone Dates.
The calculations and off-line experiments that are designed to determine tile ultimate feasibility of

ground state excitation should reach a point by the end of fiscal year 1986 that an intelligent assessment
can be made of the need for further work. This issue hinges almost entirely on the feasibility of
assembling a viable VUV laser system.

Conceptual design has been completed, but many details remain to be completed, on an optimum
technique for measuring the output telescope performance. This system must measure actual output
beam and calibrate the appropriate design codes.

Actual characterization of the ANL expanded Phase-B beam line is likely to require several months
of intermittent beam time. Initial qualification runs will commence soon after installation of the output
teiescope in early spring, 1987.

Completion of final design for the GTA-I beam sensing system must await the completion of a
number of important off-line and ANL beam experiments. Beam runs with prototypicgear on the ANL
expanded Phase-B beamline will be an important final verification of GTA-I designs.

The present schedule calls for completion of all equipment fabrication for the GTA-1 beam sensing
system by May of 1988. Much of this equipment will be returned fromANL, or WN be a duplicationofthat
used atANL. This milestone date is compatible with the installation of all other GTA-I systems.

111. F-20



MAJOR GTA-I BEAM SENSING MILESTONES

s DETERMINE FEASIBILITY OF GROUND-STATE 10/86

EXCITATION

● COMPLETE DESIGN OF ANL TELESCOPE 12/86

CHARACTERIZE

● CHARACTERIZE ANL PHASE-B EXPANDED BEAM 9/87

● COMPLETE DESIGN OF GTA-I SYSTEM 12/87

● COMPLETE FABRICATION OF GTA-I EQUIPMENT 5/88

111. F-21
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FRE(MIEIICY

BAMNIDTH (1 DB POII{TS)

PULSE LEN6TH

CPERATIN6DUTY FACT(N●

IVPLITUIE cama

PHASEComm

TUBETYPE●*

TUBEUUTPUTC(MNECTOR

ACCELERAT1M6STRUCTUREINPUT

425 Htiz

*2. 5 FIHz

30 TO 350 11S

0,1%

~0m5%

M.s”

KLYSTRON

WR-21OLIUAVEGUIDE

COAXIALLINE, LOOPDRIVE

● PROVISI(MUILL BETO llEC0NF16URERF SYSTEMTO TEST ONE Dl TANK AT 5%D,F,

** PROVIS1(MWILL BEW TO TEST5(MIKu WID STATERF UHITS

111. G-2
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RFQ

BUNCHER

Ill 1 (R6 Dl)

DTL 2

m_ 3

m 4

DTL 5

DTL 6

DTL 7 (VERNIER)

FHMNTU?ICOMPACTOR

0,506 M

0.050 w

0.851 MH

1.726 MU

1,686 Ml

1,705 mu

1,632 MU

1.610 MM

0.848 FM

OJ25+MW

10.739 MU (NO MAMIN)
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RF SYSIEM

o

0

0

0

0

0

0

P!AIN POUER SUPPLYFEEDS THIRTEENACCELERATORSTATIONS

SPARE POUERSUPPLY INSTALLEDON UTILIIYPAD

s~ARA~ p~NER SUPPLY FoR AUXILIARY sTATIofIJ(#14)

50 KM BUNCHER STATION WI MOMENTUMCOMPACTOR UTILIZE GRIDDED TUBES

SOLID STATEAND KLYSTRODE MODULESCAN BE ACCOMMODATEDFOR TEST

INDIVIDUALCAPACITOR BANKS ISOLATED FROM EACH OTHER

NUMBER OF DRIVE PORTS FOR DTL’ S 3 THROUGH6 TBD
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RF STATION ARRANGEMENT

o MODWIR RF STATION ARRANGEMENT

o LIHITED HEADROOM

o RF STATION STA61NG AREA MI THCRANE COVERAGE REM I RED

o CAPACITOR BANKS IN SH IE1-DED ENCLOSURES ALONG EAST HALL

o UTIL1 TY PAD FOR POUER SUPPLIES OUTSIDE OF MPF-18

o BUNCHER RF STATION NEAR UTILITY ROOMS

111. G-6
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RF SYSTEMPRlMEPOWER

O 13.2 W UTILITIESEXIST

o TRANSFORM TO 480 V, 30 FOR DC SUPPLIES

o MAIN POUERSUPPLY DRIVESTHE 13 ACTIVESTATIONS

o STATIOfl #14 FORW-LI?E CONDITIONING

o TRIAXIALNV DISTRIBUTIONCABLE

O 2.8 LJF ENERGY STORAGE PER STATION

o ENERGY STORAGE MAY BE CONFIGUREDFOR OPERATINGONE STATION

UP TO 2 MS AND 5% DU~
111. G”8
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o

0

0

0

0

KLYSTRON MODULATOR

INDIVIDUAL CAPACITORBANKS

2.8 UF PER STATION

CROWBARRESPONSE 1 US

DI/DT <1000A/1.lS

10 OHM LIMITINGRESISTOR
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KLYSTRON STATION

o MODULAR KLYSTRON - MODULATOR PACKAGE

o LIMITED OVERHEAD SPACE

o SHIELDINGAND GROUNDING CRUCIAL FOR LOW EM1

o LOCAL AND REMOTE OPERATION POSSIBLE

111.G-12
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RF M?IVE CONTROL

o RF AWLITUDEMD PHASECONTROLMOPS

o DUALM [W SYSTEMSMUSTBE SLAVEDTOWTHFR



GTA-1 FUNCTIONAL LOW POWER R.F. ~ CONTROL DIAGRAM

111. G-19



RF DRIVE 8 CONTROL

DUAL RF STATION TANK DRIVE
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3.H.1

3.H.2

3.H.3

3.H.4

3.H.5

3.H.6

3.H.7

3.H.8

Control System Requirements

Subsystem Control Requirements

Control System Architecture

Conirol System Computer Components

Control System Software Senices

Accelerator lleam Diagnostic

Space Compatibility

Status and Schedule
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3.H. 1. Control S~stem Requirements

3iodes of Control: The Control Sywm must monitor and control Ihe accelerator and subsystems during equipment

check out, insmllation. commissioning. and physics experiments. Subsystems must be controlled independently and as

an integrated s}-stem.

.4u;omatic Control: Control algorithms are required for automatic start-up. maintaining stable operation, recovery

frt>m fault ccmdi[ions. and orderl}- shuldcmn of the accelerator components. The algorithms include cold turn-on of the

injeccor. R[; conditioning. and magnefic beam alignmen[ through the system.

Opentor Interface: Tht operamr interface pmwides su[jemisory control of the ground test accelerator from a central

Iocmion. The current stare of the accelerator equipment. alarm conditions and archive data are available to the

opera[or. Scan. 313rm. archive. and conrrol parameters can be modified from the operator interface. The operator can

configure and sate displays at [he opmmr console. The usual guidelines for design of displays – i.e. ease of use,

unambiguous and cmmi>ten[ - w ill be applkd m the operator interface.

DaIaacquisition and Analysis: .~~wlermor da[a is acquired for display to [he opera[or. Selected data is archived for

~n~l} sis b) bwh Ihe operator and lhc accelernwr physicis[.

Associated Interfaces: To Iimi[ equipment damage and radialion exposure, the @ prorecf system disables [he beam

within a few microseconds for fhc rem )~nder of a macropulse. An operator configurable run ~ermit system disables the

be~m w.!i! [he condi[imw are cleared. .% riming system generates and di>[ribu[es timing pulses for sys[em-wide

s>ntibroniz~tion.

Fault Conditions: The Control System musi respond to fault conditions by logging each occurrence and initiating

cwrecti~-e action, including orderly shutdown or recovery.

E~pansion and Changes: The Ccmwol System is designed with sufficient modularity to accommodate 100% expansion

ui ! O channels. memory and CPU time. (4000 channels are estimated for GTA-1).

ISE Prototype Ern ironment: Tlw Control S) stem will prcl-ide a prototype en~ironment for [he development of control

s)~mm architecture. control algorithms, characteristic dara rates and effecti~-e operator interfaces.

111. H-2



0

0

0

c1

‘3

Nlodes of Control

Supervisory Control (Local and remote)
Automatic Control (startup, operation, shutdown)

Automatic Control

Automatic startup, operation, and shutdown

Automatic fault detection and recovery

Operator Interface

Local and remote stations

Display current data, alarms, and historical data

Manipulate control parameters and algorithms

Data Acquisition and Analysis

Associated Interfaces

Fast Protect
Run Permit
Timing

Faults

Log each occurrence

Corrective action

Correlate with diagnostic data

Expansion and Changes - 100% allowance

ISE Prototype Environment

Developing Algorithms, Architecture. Data Rates & Operator Interface
111. H-3



3 H.2. Subsvstem Kequmements● .

Gas Neutralizer The neutralizer require~ sequence control and interlo~king to establi~h vacuum and regenerate

c~opanels. Different alJrm limits nrc uwd during regeneration and stafiup. The neutralize has approximately 80

input output channels.

Coding and Vacuum: !kquencc control is required to pywriy startup and operate the cooling and vacuum systems

and m regenerate cnopumps. The IU:Q requires + 0.1 ‘F control over a range of 60” F to 120°F. O:her sm.rctures

require + 1.0” F control. Cooling anti vacuum controls hove approximately 1800 inpm!oulput channels.

Beam 31agnelic Optics: The Comrol $-stem must provide independent tuning of ewh segment of the beam transport:

HERT. 1SOO bend. mleccnpe and steering magnets. I’ktmline optimization ~nci automatic tuning mus~ also be

suppmeci. The Control System must interface to diagnostic devices that rneasurr energy, beam position, emittance and

beam current. This suhsysiem has approximately 780 inputloutput channels.

Accelerator Beam Diagnostics: The Control Sysrem must monitor beam energy, phase, emitmnce, current, and

position m each major accelerator component. It must sLIppott ESCAN (injector), vane E measurements (RFQ), EhllTS

and LF.+SE (emirtance). The accelerator diagnostics require approximately 800 input/output channels.

h-euhal Beam Sensing: Diagnostics interface to control system for beam steering and for physics data.

111.fi-4



w A

‘Q Injector

Startup, Gperation, and source conditioning

Control and data across 100kV common mode voltage

Q RF Power

Startup, operation, RF conditioning

Provide extensit-e diagnostics of klystron module

Q Neutralizer

~ Cooling and Vacuum

Q Beam Nlagnetic Optics

Control HEBT, 180° bend, telescope, and steering

Interface to beam transport diagnostics

Q Accelerator Beam Diagnostics

Energy, phase, emittance, current, and position

Receive data from off-line diagnostic equipment

Q Neutral Beam Sensing

Interface to various sensing and scoring devices

Provide input for automatic beam steering
111. H-5



3.H.3. ControI System Architecture

.Accelemtor Inlerface: The interface 10 the accelerator instrumentation is through CMMC signal conversion

equipment. (fEEE standard 5S3) Support for the GPIB interface will be provided to support devices which are not
supported b} C.%!LAC. [lEEE stan..kwd 488)

Input/OuIpul Cluster: The 10C pro~ides data acquisition, closed loop control and sequencing. Each IOC has a control

database whichcontains the parameters needed ~o scan, alarm, archive and control the accelerator components. Each

1(IC contains a stare transition table which describes the control database parameters for each state of the accelerator

s~bs] stem.

Token Bus %et~-ork: The Token Bus Net\vorti connects the control system components. (IEEE standard 802.4) The

Tokn Bus Ne[\\ork provi~!i s [he control system components guaranteed access to the network. II transmits at 10 hlbps

and has an upgrade pa[h co 80 hlbps.

Opemtor Interface: llw OPl recei\cs alarms and archive data generated by the IOCS. It fetches data from the conmol

databases at [he IOCS to display to the operaror. Alarm and archive data are displayed from [he local records.

Opera[or changes m scan, alarm, archive and comrol parameters are accepted and sent to the control database at the

IOcs.

Inl~raled Control Processor: The ICPisa special case of OPI. [n addition to the OPI func~icms it coordinates the

srare rransirions ~f all of rhe control subsystems. This is used for stamip, corrective procedures and shutdown. The ICP

is ako the scmon at which the displays, control database and smte transition tables are configured.

Data .Ana[~-sis: The experimental data analysis is to run on a VAX to take advantage of the existing beamline

Code Development: The code development is supported on ~ VAX 750 and a network of Sun workstations.

codes.

III .H-.6



til’A Control System Architecture

7Operato
Interfac

Integrated
Control
Processor

. . . . . .

Control Room Toke~ BUS L-AN

110

Cluster

CABIAC
t ‘: A&

Outside Vault 4 4 4

7Operat o
Interfac . . . . . . . .

1/0

Cluster

JOperator
Interface

. . . . . . . . .

Sateway

1/0

Cluster

Inside T“ault I ACCELER-\TOR

-ElCode
Developme
VAX

Ethernet
DECNET
TCPfIP

-1
Data
4nalysis
VAX

Remote Site
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VME Hardware Components

}Iaster CPU Module

Memorv.

Swtein Controller nodule.

MAP Token-Bus Controller

Serial Controller

Disk Controller

llisplaw Controller-

C.A\l.*C Interface

GPIB Controller
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3.FI.5. GTA Control SystemSoftware Senices

Geneml Semices: Each node will comain sof[ware forgeneral se,~ices: network communications over the token ring,

imerface 10 a serial pm?. do~”m-line loading support. s}-stcm monitoring and diagnostics.

Opemting System: Tne \-RTX operaling s! stern [Hunter & Ready Inc.) is used as the real-time operating system. The

i RT.X k:rnal is RO\l resident and performs real-time requests very efficiently. VRTX provides intertask

ccmmunicaricm. real-lime [ask context SNi[~hing, I O support and a file management system.
-.

[K Semites: The IOC software suppofis the C.ANI.AC and GPIB imerfaces which interface the Control System [O the

:Acceleramr. Ir provides the data acquisition. alarm generation, data archiving and first level control. TheIOCaccepts

operator requests frcmi [he OPi and ICP m alter setpoints. ourputs and state transitions. Operator display requests are

sen-iced at the DC m provide operator display data for the OPIS and the ICP.

OPI *m ices: Tne OPI software pro~-ides the operator \rith data from the IOCS for display. It accepts operator

.- ‘--inquests to change secpoints and outputs. and states and sends them over the network to the 10CS. lle OPIS riaintain
..

the current alarm regions and the archived data transmitted from the IOCS.

ICP Sen-ice~: The lCP software provides the operator with data from the IOCS for display. h accepts operator requests

cc change ~etpoints, ou[puts. and states and sends them over the network [o the 10CS. The ICP maintains the current

alwm regions and the archived data Transmitted from the IOCS. The software for building operator displa}s. process

damb~ws and sIiMc [ransi~ion tables is resident on the ICP.

Gateway Sem-ices: The Gate~-ay sofnit-are provides an interface between the Control Network and the development and

aria!} sis machines. It sen ices requests from the development system to down-line load tasks to the Control System

nodes. The Gme~-ay also sen”ices requests from the data analysis machines to transmit archived data from the OPls

and ~he lCP.
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GTA Control System Software Services

--a &~era~ se~~ces

o Real-Time Operating System

Q 10C Senices

o OPI Senices

‘a ICP Services

‘Q Gateway%-vices.



3.H.6. Accelerator Beam Diagnostics

Microstrip Probes: Slicrtwrip probes. installed inside drift tubes and at other locations throughout [he beamline,

measure energy. average and peak beam current. beam transverse position, beam synchronous phase. and possibly
lxam ~c:end moments. RF sigral processing converts the high-bandwidth signals to signals that can be easily

monitcred by the Control S}-stem and sampling oscilloscopes.

IZxh microstrip probe is made up of a seven-layer kapton~copper assembly. The four outputs from the stripline are
connected to RF signal processing. The resulting waveforms are amplified and filtered for interfacing to the Control
System._TheControl System can sample each output signal once during each macropulse.

Other On-tine Diagnostics: Faraday cups. wire scanners,

devices has not yet been determined.

Offline Diagnostics: The comrol system will receiwe data
CK.). This imerface has not been defined.

and harps will be used. The location and quantity of these

from various offline diagnostics (ESC~. EhlITS. LFASE.
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3.H.7.Space Compatibility

Goals for .htonmtic Control: Our goal is to develop algorithms for automatic control that will implement stamp and

shurdcmm of all subsystems. mainrain a selected operating point, and provide automatic fault handling, including fault

re:cn-ery. The specific areas where automatic operation is significant are (1) the Injector, especially during stamp; (2)
RF conditioning of the RF wveguides and cavities; and (3) beam optics tune up.

Hardware: Although the Control S}-stem hardware is not space qualified, there is nothing to preclude adapting the
architecture to space.

Soflw-are: .+11sofmare will be modular and. Nherever practical. all processorand operating system dependencieswill

be isolated ro a few modules. The o~rating sysrem is ‘“flight” qualified by the FM.
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space U)mpatibility

Q Goals for Automatic Control

Startup and Shutdown of all subsystems

hlaintain a selected operating point

Automatic fault recovery

(J Hardware
Not space qualified

Architecture is adaptable to space

Q Software
ISlodular Code

Processor-independent

Operating system is “flight” qualified
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3.H.8 Status and Schedule

%m i~e Soflware: j~~, ~L~ sdftxarc includes input oucpuc drivers, operator imerface hsks. interprocessor
-- .“ :. :.-= r- lI_F:n-...-.-..&...-u ... .. . . . . . .....* datJ bJ~e ~tructurc. and routines m doun load and iniliate the applications tasks. This

. - -:-: I-A :Gn=cded i~ SUppml apn[ications.-------

.fpplications Scd’hare: .Applications software will be developed to support the various subsystems. Modifications to
%is +wlwre are expetied throughout the GT.Alifetime.been sufficiently specified.

Integramd Control %ftware: Inregr-ted control software is needed commmission the accelerator and conduct physics
=xpctimdrus.

Automatic Control software: .Wxomatic contrul algorithms will be developd concurrently with rhe commissioning
-.=:---- sywimental phasts d GT.+.

Injector Interim Control: .\ stand-alone control capability w-ill be provided for experiments on the injector before it is
insrak~ in tlM GT.+ facilitv. This will include Injector contro! software. a standard IOC, and appropriate service.
~:.fi-.~:r=-
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111. 1. PROCESS COOLIN13

GTA-1 Coolinq System

The function of the cooling s]stem is to remove all excess heat from the NPB device components

generated during system operation and transfer this heat to the cooling tower. The design of the cooling

system will incorporate personnel safety and equipment reliability as paramount considerations. The

secondary cocl~ng loops use de-ionized water for heat removal and transport. Certain components such as

the RFQ, OTL and part of beam sensing must be thermally controlled to very tight tolerances that are far

above industry standards. These will require multiple piping sy;tems with special mixing valves and

controls. Each of the remaining components has distinct requirements which must be met in the areas of

heat load, flow rates. wate~ quality, pressure range, pressure surging and temperattire range. These

requirements, where they have been defined, are for the most part within industry standards. The

exce~tjons being at the H– beam stop and three beam stops at the end of the accelerator where water

activation will impose aciditional equipment and safety concerns.

In addition to the system design, the procurement, installation and operation of GTA-1 will be

covered by the cooling system. Three major concepts will be applied to the system whenever possible:

1. Safety

2. Maximize (machine availability

3. Ease of maintenance and operation
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GTA=l

COOLING SYSTEM OBJECTIVES

● Design

● Procure

● Install

● Operate

. Ease of Maintance & ODeration

● Maximize

● Personnel

A

Machine Availability

Safety
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Eleven components of GTA-I have been identified as having cooling requirements. These components

have 23 distinct cooling needs. A list of these components, by system number, is on the next Vu-graph.

The components of GTA-I fall into three general categories:

1. Components whose cooling requirements fall within industry standards: injector, LEB?, beam

magnetic optics, beam sensing, RF power, vacuum system and buncher.

2. Components where water activation will impose additional safety concerns: H- beam stop

and three beam stops at the end of the accelerator.

3. Components that requir- critical temperature control: RFQ, DTL’s and beam sensing-laser

diagnostics.
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* Critical temperature control requirement

DLlllW

@ BERM
MflG

BERM I A

SENSING
OPTICS

STOPS /

H-

%EflM

STOP

0RF

POWER

nUflCUUM

SYSTEM

11 components of GTR-1 have been identified that require ccoling.

GTA Phase 1
Cooling System

Requirements
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Tne condensed table shown below is a swmmary of preliminary design intonation on the 11 components

.:“ Z-A-! . The information has been condensed for tbe purpose of presentation and is not directly

az~~:cab:e to outside design. More detailed and extensive information on the 23 individual requirements

:~jp the cocling system design package.

Nominal TemP Nominal

Heat Load Inlet Teinp Control Range Inlet Pressure Flow Rate

C9mponect (KUj (°F) (°F) (P si) (GPH) Conwrents

ikJ 15 70 ~~ N.R. 30
.

LEET ~<. 70 ~s N.R. 5

3. ?FG 1.5 * + 0.5 50 to 60 50 to 160
: 3UN Miniiml 12.5 f 0.5 30 (5)

5. 2-- 12 72.5 ~ 0.5 50 50 to 175

6. arn~ (20) 70 15 125 4 to 15

7 H(-)a.s. 5 70 25 (125) 150 Activated Hater

E. BEAH SX (5) 70 ~3 (loo) (5 to 15)

9. BEAH STOPS (7) 70 ~5 (125) (250) Activated hJater

IC. VAC 40 70 f 10 50 75

“-. RF PwR 98 70 25 100 175

va~~es in parenthesis w~re esti~ted by Cooling System.

‘nriazer temperature is used to tune RFQ and is predicted to be in the range of 55 to 90 ‘F.
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Cooling System Loops

Injector Scwce
LEBT
Bean Jlag Optics -180 Bend.. ..

- Beam Exp. .- ..
- Match Sect

.. .
- St&ring Mag

.. .. ..
- Momentum

Compactor
Beam Sensing - Sweeping Mag.. ..

- l~ech Sensing Equip
Vacuum S:-stem - Cryo.. .

- Turbo
RFQ RF Drive Lap

System 42

RF Pcwer

System 43

H(-) Beam S+mp ‘1’
----- ----- ----

/ . .
~ H{+) Beam Stop
~ H(0) Beam Stop
f H(-) Beam Stip ‘2’
*. ------ ------ ---

P
L I_mcatid at end

of accelerator.

System 44 0

DTL hill. Tubes
DTL Tank

Bu~cher

Beam Sensing -

Laser Diagn.

System 45
0

RIQ Tip
RFQ Structure

Lritical temperature control requirement



Basis of Design

The following information is a condensed list of the cooling system criteria .

. Flow velocities to be kept in the range of 5 to 10 fps (feet per second) with 7 fps being

the nominal design.

. Design system for continuous operation to eliminate start-up and shut-down time.

. Use of modular design and prefabrication.

. Water quality that will be compatible with copper, aluminum and stainless steel is

planned. This

8to 9. An Iso”

. Pressure Dulsat

in the range of

. Instrumentation

will probably be de-ionized (DI) in the range of 1 to 2 Ml cm with a pH of

ated system will be used for carbon steel components.

on will be controlled, where requested, with nitrogen charged accumulations

~ PSig or TBD HZ (possibly in the area of 10 Hz).

and Control – sfnce the cooling water is an auxlltary system, It Is not

required to be fully automatic. The cooling system will be designed so It can be computer

controlled during the run mode.

. Definition of line burst and equipment failure procedures will be specified. These systems

will probably be a hard+dred type as opposed to computer controlled, and will most likely

employ pressure switches on a ‘Fall-Safe” clrcult.

. System is designed for 0.1% Outy Factor with provisions being made for 5% Duty Factor on

condltlonfng and running RFQ and OTL In a test mode.

. Coolfng system to be designed to maximize accelerator availability while providing ease of

=intenance and operation.

. To keep personnel safety as a paramount Issue In system design.
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INSTRUMENTATION & CONTROL

A “Dual Sensing= approach “will be used in most cases via a ‘Modular Hater Monitora.

The iostruwntation on the water monitor using the dual sensing approach will be of two types:

1. Electronic - which will have remote computer read out available in the operations room.

2. Manual - which will allow local inspection of fluid conditions at or near the component being

cooled.

All or part of the sensing instrumentation on the monitor may be used as necessary. Additional

contingency taps will be provided, while all unused taps will be capped or plugged. The instrumentation

devices uill Plug into the Water monitor using ‘wet tap- connections. This will allow the sensing

instruments to be inserted or removed without system shut-down.
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Critical Temp Control is necessary for cooling system #44 and #45 of GTA-1.

In system 44 the drift tube Iinac (OTL) requires a stable temperature environment Of ~ O.fiO F in order to

keep slug tuners from excessive wear and within their operating range.

Also in system 44, the beam sensing-laser diagnostic area will require cooling water in the temperature

range of 60 to 75° F which must be controlled to @.5° F.

SYstem 45 has been dedicated to the RFQ, once it has been machined and set in place, the only way provided

to tine tune it is via cooling water temperature. The operating temperature band predicted for the RFQ is

expected to lie between 55 to 90 “F. Once the proper operating temperature is selected, it must be

maintained ‘~ithin _jl.5 ‘f or better.
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Critical TemD Control

Precise control of water temperature is planned via a
3-vray mixing valve system as shown beiOw.

The system shown below is a simplification
since the ““Hot Water Supply” and “Cold Water
can be only a few degrees above and below the
temperature which the component requires.

Hot Watir Supply

supply”

6 *
3-~N~ ~Mixing

I
I
t
I---- Precision Temp

● *, ●-.,L * Controlled Water8P
● ---- to Component,- -*

,+

I
#
I
1

Cold Water Supply Optional 2nd Mixing Valve

@lending valve)
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Build-Up and Installation

One of the keys to the success of GTA-1 will be the coordination of the installation of the various

accelerator c~onents with their subsystems. The goal of the cooling system is to be ready with cooling

water when the various components need it. The installation schedule that follows is what we are

currently wrking toward.
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Build-U~ & Installation
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111.J. VACUUM

1. GTA Vacuum System; Requlreme’}ts, Goal And A~r)roach

The requirement of the va:uurn system is to maintain certain pressure levels (generally 10
-6

tarr

or less) in the various component sections of the macf.ine.

A sGecific goal, to be sought after in the design of the vacuum system, is to maximize machine

availability by paying particular attention to those aspects of vacuum systems that are time consuming.

Leaks tend to produce the greatest delays in operating large vacuum systems, but the effects of leaks can

be mitigated by localizing and leak checking quickly.

Accordingly, the design of the GTA-i vacuum system utilizes beam line valves that can be used to

isolate leaks or outgassing to a small section of the machine and a vacuum pumping and instrumentation

selection that permits quick change out and ledk checking of components.
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GOAL

:Maxlmize Machine Availability

APPROACH

:Section Machine With Beam Line Valves

:Each Section Can Go From Ambient

Pressure to High Vacuum Quickly

:Each Section Can ~e Helium Leak Checked

Quickly - All Sections Also Have Residual

Gas Analyzers
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2. The A~proach Is E$fected With A Combination Of Cryocwnps And Turbopumps

Turbomolecular pumps, as used on GTA-1, are capable of quick start up, can pump all gases, and can

assist with leak detection by boosting the tracer gas pressure in the pump foreline.

Residual gas analyzers provide an indication of which gases are present in the system and the

percent contribution of each gas to residual pressure. Analysis of the spectrum quickly categorizes

pumping problems according to in-leakage or outgassing and, if outgassing, ~hat particular type.

Cryopumps offer economy and c?eanline” - and pump the bulk of gases in GTA-1. Iiowever, they do not

pump helium well and are not useful for leak detection.

Local control allows subsystem testing indep~ndent of Gther machine sections.

Beam operation is facilitated by computer cognizance of the status of all pressures, pumps, and

valve positions.

Oamage to pumps and oiT backstreaming from roughing pumps into the machine is precluded by

hard-wired protection circuits that prevent direct roughing pump paths into the machine at low pressures

without correct turbopump operation.
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DESIGN :EACH SECTION HAS A TURBO-MOLECULAR PUMP

AND BACKING PUMP SIZED FOR QUICK

(LESS THAN 30 MIN.) PUMP-DOWN

:EACH SECTION HAS FORELINE CONNECTIONS

FOR HELIUM LEAK DETECTORS

:ALL SECTIONS HAVE RGA HEADS PERMA.NENTL-f

INSTALLED

:F!AIN HIGH VACUUM PUMPING IS BY APPENDAGE

CRYO-PW4PS

:LOCAL CONTROL OF PUMPS, VALVES, GAUGES

AND ANALYZERS

:CENTRAL SURVEILLANCE OF PUMPS, VALVES AND

PRESSURES

:HARi)-WIREDPROTECTION CIRCUITS SHUT

VALVES AND PUMPS IN THE EVENT OF

OVER-PRESSURE
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3. Placel?wntof Com oments

The cryopumps and turbopumps are mounted to gate valves that are bolted to the underside of the

machine. High pressure helium gas, used to cool the cryopumps, is routed from compressors through

passages in the shielding to the pumps. Cables, used to power the turbopumps, pass from local electronics

racks through the same passages in the shielding to the pumps. By keeping supporting equipment out of the

vault, valuable floor space is saved and maintenance on compressors and turbopump power supplies is

greztly fac:litated- TW cryopumps are run from a single compressor, which reduces the high pressure

helium piping at an acceptably small reduction in system reliability.

111. J-6



\lr-

b HI ● Lo ●aRoounR nRPnloRnATlom

RRPRl@ERATtOW ●IPIWO

111. J-7



4 Several Independent Systems Canprise The GTA-1 Vacuum SystemA

R?chine assembly and check-out is facilitated by separate vacuum systems that come on-line as the

=chine is ass-led. This ‘stand-alone’ capability allows pump out from atmospheric pressure, leak

detection. residual gas analysis, cryopump regeneration, and pressurization of the machine segment with an

inert gas.

Hhen the machine is ful”

and outqassing problems and a’

the machine.

y assembled. these separate vacuum systems permit quick localizing of leaks

low changes and repairs to be made with minimum impact on the remainder of
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5. Sizing The N&er And Oiameters Of The Pumps

10 size the number of pumps to tie used on GTA-1, conservative offgassing and permeation coeff~cients

were used. In the injector and beamstops, hydrogen is the predominant gas load. In the gas neutralizer

and neighboring beam sensing and telescope section, argon. the neutralizing gas, dominates. Spi?lage from

the neutralizer into the beam sensing and telescope sections limits vacuum levels attainable in these
-5

areas to the low 10 torr region.

Eight-inch nominal diameter pumps are capable of pumping anticipated gas loads in

sections tiith a minimum impact on ri shielding and cooling configurations. To simplify

for operational and maintenance considerations. eight inches was made the standard pump

majority of GTA-1. Exceptions are the injector and beamstops where high hydrogen loads

larger, ten-inch diameter pumps.

the accelerator

the design. and

diameter for the

mandate the use of
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SECTION GAS LOAD PUMPS

Injector
-5

H2-3000 1/s AT 10 , 100 seem AT 10-: (250 cfm) (2) RCP 321 CRYO = 6400 1/s

(1) 14SU 1000” BLOWER 450 Cf

RFQ 16C) 1/s Permeation & OFFGASSING AT 10-6 (2) CT 8’S= 1680 1/s

(1) LH 1000 AT 650 1/S

LINAC [1 OF 7) 650 ~/S PERMEATION & OFFGASSING (2) CT8’S AT 350 1/S

(1) LH 1000 = 307 1/S

HATCHING SECTION HOOERAIE OFFGASSING

H (-) 8EAM STOP H2-3000 1/S AT 10
-6

?80 OEGREE 13E!Wl MODERATE OFFGASSING

(1) CT8=840 1/s

(1) l_H 1000 =650 1/S

(1) RCP 321 CRYO 4000

(1) LH 1000=650 1/s

(2) CT 8’S = 1680 1/S

(1) TURBO = 650 ~/S



SUHMAR~

SECTION GAS LOAD PUMPS

TELESCOPE

NEUTRALIZER

BEAN SENSING

H(O) BEAM STOP

ARGON .16 tl/s

.109 g/s ARGON

ARGON=.16 tl/s

H2=3000 ]/S AT 10
-6

(10) CT8’S = 8400 1/s

(1) Ltl 1000 = 650 1/S

CRYOPANELS

(1) LH 1000 TURBOPUHP = 650 1/S

(1) BLOWER

(10) CT8’S= 8400 1/s

(1) LH 1000=650 1/s

(1) l?CP 321 CRYO = 4000 ]/S

(1) LH 1000=650 1/S
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6. Com orient Su-ry

The total GTA-1 vacuum system includes 37 ~ight-i rich-diameter cryopumps and 16 eight-inch-diameter

turbomc-leculzr pumps. Rough pumping of most machine sections is effected with the rotary vane mechanical

preps, which also back the turbomolecular Dumps.

For high pressure conditioning of the injector, a Roots blower and mechanical pump combination is

used: for rcugh pumping of large volumes in the beam sensing, neutralizer and telescape sections a large

Roots L;ower and two rotary piston pumps are used.

Ten-inch r ‘opmps were selected for the large hydrogen loads in the injector and beamstops.

Instrument. ion includes ionization and thermocouple gauges and two residual gas analyzers (RGA’s).

The fl~’~ have a /itching arrangement that permits analysis of heads located in 16 locations on the GTA-1.
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GRAND TOTAL

* 37 CT-8 CTI CRYOPUMPS

4 RCp32~ BALZERS CRyOpUMpS

* 16 LH-1OOO LEYBCLD TURBOPUMPS

* 15 D30A ROTARY VANE MECHANICAL PUMPS

CRYOPANELS IN NEUTRALIZER

* 1 LH WSU1OOO BLOWER

* 3 LH DK200 R9TARY PISTON

~ LH W5U2000 BLOWER

2 RESIDUAL GAS ANALYZERS

14 EXTRA RGA HEADS

20 ION GAUGES

25 TC GAUGES

53 8-INCH GATE VALVES

2 10-INCH GATE VALVES

60 VALVES IN SMALLER SIZES

* or equivalent
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7. Implementation

Futher design and analysis on the maturing GTA-1 design is proceeding in parallel with pump, valve,

and instrument?ti~n procurement. The us~ of a single diameter pump size, and the awareness that more

pumps will be needed for GTA-2 allow flexible, early procurement of the bulk of GTA-1 vacuum hardware.

Ear?y vacuum hardware will be used on subsection test stands prior to final installation on GTA-1.

All vacuum equipment will be on site in time to support section by section machine build-up.
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~~~~~~E~T APPROACH

. Conventional optical tooling techniques proven in numerous acce” erators and r ngs.

● Small team of three to four people do alignment of entire machine.

. Tooling dock net recuired, vendors will Iccate fiducials on magnets.

. Fiducial position may be measured or checked by alignment team using computer-aided theodolite.

. GTA-I geometric control drawing (in progress) defines GTA-1 machine in relation to building and

monument system.

. ~j~ucjals need not be on axis, but offset must be known

-7jli.f ‘111.K_3



HONU14ENT SYS?EM

. Five floor monuments form reference grid in MPF-18.

. Four monuments in straight line down center of machine.

. Fifth monument defines perpendicular, line to other four at center of 180° bend.

. Five monuments form horizontal reference system for all component alignment,

. Plonument located at neutralizer Is elevation control.

. Monuments installed az soon as building is ready.
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. Computer-aided Theodolite system (0.5-second resolution).

. Two optical transits (3.9-second resolution).

. Two sight levels. one automatic (3.9–second resolution).

● Various mechanical distance measuring devices.

. Three levels including an electronic differential level.

. Several uniaue alignment fix:ures.

. Buy equipment fiscal year 1987.

REFERENCES

1. E. Hawkins ‘GTA Alignment Resources Required” AT-3:86-251, June 1986.
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FIDUCIAL STANDARD

. One-square-inch flat surface with 0.2500/O.2505-in. diam. hole in center of flat perpendicular to

flat.

. Flin~mum of two fiducials per component.

. Fiducials nsed not be on axis, but offset must be known.

. Alignment team can measure fiducial offset from bore, or surface datum of component.
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TYPICAL COMPONENT
SHOWING FIDUCIALS
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STANDARD TARGET

● Cutaway tooling ball is standard target for computer-aided Theodolite.

. Plastic plug target is standard target for optical transits and sight levels.

111.X-iO
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STANDARD TARGET
-1
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SMALLP1U6TARGEISOHPLASTIC

MODEL#710SIDEVIEWIN6TARSET
The target consists of a multiple bi-filar pattern
centered on a half section of Lucite rod. The rod is
terminated in a female socket 250 inches in dia-
meter 3/8 inch deep.

The target pattern is centered within .001 Inch with
respect to ?he centerline of the female socket. Bi-
filar spacings of .010 and .020 inch on each target
allow for usage at shot distances up to 25 feet. The
target attern is engraved in the half section of the

trod an black filled for visibility.

MODEL#706SIDEVIEWINGTAR6ET
The target consists of a multiple bi-filar pattern
centered on a half section of Lucite rod. The rod
terminates in a machined plug. The targets are a-
vailab!e with lug sizes of .136, .159, .201, .250,
.254, .i72, .3r2, .375, and .437 of cn inch in dia-
meter.

The targat pattern is centered within .~ inch with
respect to the centerline of the plug. Bi-filar spac-
ings of .010 and .020 inch on each target allow usage
at shot distances up to 25 feet. The pattern is en-

r
raved in the half section of the rod and black filled
or visibility.
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ALIGNHENT

. Clef

TOLERANCES

ned for all components on GTA-1 alignment parameters tiraw”ng 112Y-269502-D1.

. Alignment tolerances specified by system managers.

. Tolerance specified determines method of alignment.
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111.L
IONS AND ISSUE

Beam diagnostics shot~ld permit the opemtor and experimenter
to detect beam wander and emittance growth (tmnsverse and
longitudinal ) after each major component.

Significant work is required to develop and qualify on line
diagnostics

Off line diagnostics to measure emittance and related
pamfneters require major development.

Beam diagnostics and controls must be closely linked.

Accelemtor physicists and engineers should specify their
requirements for beam commissioning and insist that they
are incorporated into the control and diagnostic designs.



BeamPosition Monitors tlicrostrip lines in accelerator;
striplines in HEBT

Profile tlonitors Non-interceptive monito~
(microstrip lines and gas ionization)

Current I’lonitors Toroids in LEBT and HEBT; rnicrostrip
lines in and between DTL tanks

BeamEnergy i’leasurment Time-of-flight between DTLtanks and
around the 1800 bend

BeamSpi13 Radiation monitom and current
meammements

RF Phase Plicrostrip lines for bunchsynchronous
phase and tuneup

Neutrnl BeamSensing Mechanical[wire, pinholes) or laser
resonance (LRF, ICA)
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LINE DIAGNOSTICS. ,

Source and LEBT

RFQ

DTLs

HEBT

Telescope Evaluation

Scoring System

Electric sweep emittance scanner;
Famday CUPS

Spectrometer after

Spechometers: 6 MeV< W<50 MeV

Wire scannen; harps; LINDA

Pinhole imaging camera

Partially interceptive pinhole or
shadowcamera

111. L-3



AKuRAmRHEEI

BPfl (Plicrostrip & Strip]
Profile (Wire Scanners & Harps)
Fluorescent Screen Monitors
Current Toroids
Momentum
Beam Loss
Emittance
Beam Sensing
Beam Scoring
Beam Stop

46
2nd Moment BPM
o
7
Sync Phase f3Ptl
7
LINOA
o
0
Tempomv

15
12
3-12
2
2
8
Pinhole Imaging
1
1
2

Total 61 44+
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LOCATION AND FUNCTION OF II ICI?O-STRIPLINE BEAM POSITION MONITORS

8PM TANK Drft Tb

1

2

3
4
5
6
7
8
9

10
11
12

13

14

15

16

17

18

19

20

21

22

23

24

25

DTL-2

DTL-2

DTL-2

DTL-2

DTL-2

DTL-2
DTL-2
DTL-2
DTL-2

DTL-3

DTL-3
DTL-3

DTL-3
DTL-3
DTL-3
DTL-3

DTL-4

DTL-4

DTL-4

DTL-4

DTL-4

ITS-O

ITS- I

30

31
32
36
40
44
48
53
54

ITS-2
55
56
57
61

65

68

69

ITS-3

70

71

72

75

78

x

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

yes
yes
yes
yes
yes
yes
yes
yes

yes
yes
yes
yes

Y

yes
yes
yes
y6s
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

yes

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

Ftrst Prlorlty Later Prlorlty

Energy Syn Phs I-avg I-Pk x-wdth y-wdth 0-wdth

yes
yes

yes
yes

yes
yes

111. L-6

yes
yes yes yes
yes yes yes

yes
yes
yes
yes
yes
yes
yes
yes

yes yes yes
yes yes yes

yes
yes
yes
yes
yes
yes

yes yes yes
yes yes yes

yes
yes
yes
yes



26

27
28

29

30

31

32

33

34
35
36
37
38
39
40

41

42

43
44
45
46
47

DTL-4
OTL-4

DTL-5

DTL-5

DTL-5

DTL-5

DTL-5

DTL-5

DTL-6

DTL-6

DTL-6

DTL-6

DTL-6

C)TL-6

DTL-7

DTL-7

DTL-7

DTL-7

LOCATION AND FUNCTION OF M iCRO-STRIPLINE BEAM POSITION MONITORS

81

82

ITS-4

83

84

85

88

92

93

ITS-5

94

95

96

100

103

104

ITS-6

105

106

108

109

ITS-7

yes
yes
yes

yes

yes

yes
yes
yes

yes

yes
yes
yes
yes
yes
yes

yes
yes
yes
yes

yes

yes
yes

yes
yes
yes

yes

yes
yes
yes
yes
yes

yes

yes
ye9
yes
yes

yes

yes
yes
yes
yes

yes
yes
yes

yes
yes

yes
yes

yes
yes

yes
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yes
yes

yes
yes

yes
yes

yes

yes

yes
yes yes
yes yes

yes

yes
yes
yes

yes

yes yes

yes yes
yes
yes
yes

yes

yes
yes yes
yes yes
yes
yes
yes
yes yes



Type: ~on-intermp?ive

Number: 4 in matching section
1 in HEBT to H- beam dump

7 in 180 deg bend (inside quack)

1 before telescope eyepiece
1 at telescope objective (large diameter)

Sensors: Stripline, 1/4 wavelength
x and y in same detector

Rocessin~ Frequency downshift to 5 lMHz
.Amplitude-to-phase conversion
Simultaneous digitization
Resolution 0.1 mm
Beam stabilization

111. L-8



Type:

Number:

Processing

Current Monitors

Toroid (beam current transformer)

in matching section

in HEBT to beam dump

after bend

Gated integrator for average current
Slow A/D conversion for avg. current

Fast A/D conversion for puke shape

Built-in calibration winding

0.1 % accuracy

111. L-9



A Time-of-flight

● 2 wideband pickups about 5 m apart
● Phase comparison at 425 MHz
* 1 deg phase yields alp/pof 1.6 x 10-4 (14 keV)
c absolute energy measurement to - 10-s
● sensitive to longitudinal pulse shape
. track-and-hold; digitization
. slow feedback to linac rf phase via computer
@ fast feedback possible (1OkHz)

B. Beam Position at 90 degrees

. high dispersion point (1 cm / ‘%)
s BPM sensitivity of 0.1 mm yields clp/p of 10-4
● Mixes momentum and steering effects
● No absolute calibration
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Profile Monitors

A Non-ktercentive

1. Residual Gas Ionization

● Resolution about 0.5 mm

● Suited for high-intensity, expanded beam
● Prototype under construction

2. Quadruple moments from BPMs

● Reconstruction ftom >6 measurements

● Under investigation for linac

111.L-11



B.

Profile Monitors (Contir.ued)

PartialIv-Interceptive

1. Wire scanners

●

●

●

●

High resolution
Suited for small-diameter beam
Secondary emission vs. collection
Number:

2 in matching section
z in HEBT beam dump line
4 in 180 deg bend
I before telescope eyepiece
1 in telescope

2. IIARPS
●

●

●

●

●

Resolution about 0.5 mm (can increment)
More destructive (OK after telescope)
Fast tune-up
10 pC per wire sensitivity
Number: 2 after telescope objective
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c.

Profile Monitors (Continued)

TotaUv-Interce~tive

1. Phosphors

Q Chromium-doped
s Visual indication

● Video digitization

● x - y correlations
. Number:

include

2

1

2. Segmented

after

aluminum oxide

with WS where feasible
telescope (with Harps)

in pinhole experiment

Faraday Cup
-– . .
LOWintensity beam (Argonne Exp.)

about 1 mm resolution

111. L-13



Type: Under investigation

Possibilities:

Coated photomultiplier
PIN diode

Scintillator

Gas Ionization chamber

NumbeE abcwt 8

Processing: integrator, amplifier

hardware trip point for fast protect

111. L-14



A. Laser Neutral ization (LINDA)
● About 4 metxx ckif%

● Charged beam deflection by electromagnet

● Phosphor screen - video digitization

● Number:

1 afk Iinzc in HEBT

perhaps 1 ~er 180 degree bend

B. Three Wire Scanners in Drift .Section
s Electromagnetic quads in matching section
● Tailor beam to optimize measurement
● Not an on-line measurement

C. Pinhole Imadng After Telescow
● Telescope characterization
● 1O-meterdrift
. Phosphor - video digitization
. Being developed by beam sensing team
. Test at Argonne - 1987
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Othertypesof possibleBPHsensorsfor GIA-1,fhououittiin thepokt ofa
hybrid,perment~gnet quadruple
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a!
Possibleconfigurationofuhescinntrin 110’knd
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III .?4-2 GTA Phase I



GTAd Fadfity’

31D5 FOR F?EXOYATIOSAXD ADDITIOXOPENED AUGUST 7, 1986

SCEEDULED COMPLETION APRIL 1987

~~~T cox~r~ RF T~-~~sJffssIoxPJTHS B}-~~G~sT 28, 1986

ICkD ELECTRONIC RACK REQCIREMEXTS TO BE FINALIZED BY

SEPTEMBER 1966

COXSTRLCTIOX HAS DEEX AUTHORIZED AND FCXDED
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FACILI~ LAYOUT - FIRST FLOOR:

● A~IVATED AIR HAXDLISG FOR TUNXTL

● PERSOXXEL SAFEIT IXTERLOCK SYSTEM FOR TL-XSEL

● LIMITED5PACE IMPEDESIXSTALLATIOS,TCSUP, W-41XTEXASCE

AXD OPIRATIOSS

● :!ECHAXICALASSEMBLYAREA

● LARGE RF SYSTEM SPACE BLT DIFFICULT TR.4SSMISSIOX PATHS
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GTAoQ “Ekmiillfity’

FACILITYLAYOUT - SEC03D FLOOR:

● BCILDIXG CTILIIT SYSTEMS SPACE

9 ELECTRONIC FABRICATION AXD CHECK-OUT SPACE

● RADIATIOXMONITORINGINSTRUMENTSPACE

● HIGH BAY TO CLEAR TUNNEL AND PROVIDE BRIDGE CRANE

WORKIXG SPACE
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F;:~~LIT}- LAYOL_T - CROSS SECTIOS

● SHIELL~ BLOCK THICKXESS DEFIXES ALL OTHER SPACE

● RF TRAXSNIS510X SYSTEM IS SP.4CE LIMITEI)

● SC-B-SYSTEX5 .IRE SPACE LIMITED

● R..ADIATIOX STI?EAXIXG P.AT1iS MIXINIZED

s SHIELD BLOCK lIASIJLISG SPACE OVER TVXYE!. :> !.1S1:;:1.
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GTA Beam ‘hmmxnt @emew.

The GTA accelerator can be di~-idedinto several distinct beam dynamics subsystems
w-hich correspond }-en- much to the subdivisions of the acceleratorhardware already

described. These are namely the Ion-source,LEBT (low energy beam transport),the RFQ
radio frequenq- quadruple J.the I)TL (drift tube linac)structuresand the output optics.

There are severalbeam d}-namic~concerns common to allofthe sub-systems as well as
concernsspecialtoeach particularsub-system. The objectiveofthissectionistoidentifythe
bear- dynamics topicsof general concern, the toolscurrently being used in the designs
including their strengthsand deficienciesand the areas of iI~terface between the subsystems.

-% aztempt willalsobe made toidenti&the areasWhere the physicsunderstanding has t6be

advanced ifthe technologyistoad~’antetozhe kinds ofbeam qualityrequiredbeyond thatof
%e GT’.+1project.
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DesignObjectives

Cument >135 mA H- extracted
Energy 100 keV

Tools available for Ion-soume design:

Experience

KOBRA

ISIS

ATS and BEAR Ion-sources operational.

multi-particle ray-tracing code plus iterative Poisson solution using 3-D
mesh, CW beams.

multi-particle ray-tracing code, particle-in-cell, 2-D (r-z) electric and
magnetic fields, SD p~;le coo~inates and velocities, pulsed beam

Factom influencing achievement of objectives:

Beam current instabilities.
Day to day reproducibility and reliability.
Pulsed extraction vol~ge cleans up beam for acceleration.
Vacuum pressure oscillations couple to beam mci.llations.

Long term concerns and objectives:

At longer pulse lengths plasma instabilities increase.
>-eed to understand plasma dynamics correlating theo~ and experiment.
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Design Objectives

>120 mA H- to RFQ matched

Emittance 0.17z mm mrad rms normalized

Transmission 90%

Toolsin use for LEBT design:

TRACE3D ]inear matrix representation,linearspace charge, pem-ment magnet
quadruple representation,optimization.

Factorsinfluencingachievement ofobjectives:

Beam optics sensitivetoneutralization.
Percent neutralizationisunknown.
Experimental methods ofmeasuring neutralizationarebeing developedon ATS.
310vablepermanent quadruples may not be the idealvariablestoallowproper

matching intothe RFQ.
A largefractionofthe emittancegrowth occursintheacceleratingcolumn .

Long term concernsand objectives:

Design optimization of the accelerating column to minimize aberrations.
Examination of alternative focusing methods, variable permanent quadruples,

electrostatic quads, solenoidal channels.
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Design Objectives

c~~e~t >106 ~-

Ene~ 2.07 ~ky
Zmit cance e 0.2 z mm mrad rms normalized
Transmission MM

Took in use for RFQ design:

CVRLI detemninesoperating current limits and defines parameters of the gentle buncher.
RFQL~ uses CL~RLIdata to optimize length and minimize RF power.
PAR31TEQ detailed multi-particle my-tracing code using ideal potential functions, 2 VZD (r-z)

space charge.
P.ARI, generate detailed vane geometry based on beam dynamics design.
V.%NES

Factors influencing achievement of objectives:

Beam may be partially neutralized at entmnce to RFQ.
Some disagreement between Memnt simulations and experiment.

Long term concerns and objectives:

Understanding factors contributing to e+ttance growth in the presence of space-charge.
Emittance growth will become more dommant at lower frequencies, higher current, lower velocity

particles.
Improvement in modelling the RFQ end regions.
Complete 3-D space-charge calculation in design codes.
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Design Objectives

Current >100 mA
Energy 50 MeV nominal

Emittance 0.2 n mm mrad rms normalized
Transmission 99%

Tds in use for DTL design:

SUPERFISH cavity design code, assures Kilpatnck surface field limit not zxceeded.

P.4RM1LA simulation code, uses SUPERFISH input, give celldimensions,2112D (r-z)

space charge assumes cylindrically symmetric beam.

Factors influencing achievement of objectives:

Drift tube misalignment introduces coherent oscillations.
Compensating steering difficult to include at low energy.
Drifttube quadruple harmonics add emittance growth.
split quadruples requires matching tank to tank contributing to emittance growth.
Beam current oscillations may couple to energy oscillatims.

Long term concerns and objectives:

Complete 3-D space-charge calculation in design codes.
Calculation of beam halo and beam loss.

111.N-5



Design Objectives

1800 Bend doubly achromatic includingspace-charge,approximately 1:1imaging.

Telescope minimizes chromatic and geometric aberrations.

Steerer minimizes chromatic and field quality aberrations.

Tools in use forthe18~ bend design:

TRACE3D linear matfi repr=entation, line= space Charge, permanent magnet
quadmpole representation,optimization.

PATH linearmatrix representation,non-linearspace charge,no optimization.

SCIL%R ray-tracing,non-linearspacecharge, no optimization.

Tools in use for the telescope design:

TRACE3D linearmatrixrepresentation,linear space charge, permanent magnet
quadruple representation,optimization.

XIARYLIE Liealgebra,no space charge,optimization,limitedfringefield

representation.
llOTER high orderray-tracing,no space charge,optimization,permanent magnet

fieldrepresentation.
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OtltDut 00tics (conmt)

Factors influencing achievement of objectives:

Sensith-ity ofsolutiontobeam currentand energy.
sensiti}-i~ofopticstomisalignmentsand jitter.
.Abilitj- to compensate telescope aberrations.
N“on-linear space-charge effects in the bend, non-linear resonances.
Field q~ality in steerer extremely tight.
Chromatic requirements for steering very tight.

Long term concerns and objectives:

Design code toincludenon-linearspace-chargeand high orderaberrations.
Steeringatlargeanglesneeds investigationofalternativesystems,combined steering

and focusing, tunable multipole elements.
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OBJECTIVE :

● GEXERATE SOLRCE TERMS AXD FULLY DESCRIBE THE RADIATIOS

EXPECTED FROM GTA-1

● DEFIItE SHIELDING UATERIALS AID CONFIGURATIONS

● DESIGN TO MEET DOE ORDER 5480.1 REVISIOS ASD LABORATORY

RADIATION PROTECTION REQUIREMENTS
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Radlia’ijj(msaiiksry
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RadkirimmlSaffdy

?.EQCIREMES-TS :

SPECIFY BULK SHIELDING 3L4TIZF?IALS AND THICKNESS

PROVIDE AIR ACTIVATION DATA AND THE LARGEST OFFSITE

DOSE PXSLLTIXG FROM ROUTINE RELEASES AND ACCIDENTAL

RELEASES

PROVIDE RADIATIOS STFSAMING DATA FOR L-U3YRINTHS AND

OTHER SliIELDIXG PENETRATIONS

PROI-IDE COOLING KATH? ACTIVATION DATA

PROVIDE ACTIVATION DATA FOR ACCELERATOR AND OTHER

MATERIALS
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Radiathil Sal’fell’l-!

● GATHER GT..4-1 PHYSICS ASD BEAM LOSS ESTIMATES

● PJVIEK ?L-ELISHED RADI.ATIOX DATA

● REVIEi’; THE DIZSIGS .AXD ANALYSIS CAPAUILITIJIS Ci-

.IVAILAELE PERS@XXEL

● GEXERATE ISTERIM REPORTS AND MEMOS OF \iOP.K

● GESER$TE A FIXAL SUMMARY’ REPORT
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0 LAXL .APPLiED XCCLEAR SCIESCE GROUP T-2; E,L). ARTHUR,

W.B. WILSON .AXD R,J. LAB.AUl-E, PRINCIPALS

o :{ASFOP,.9EXGIXEERIXG DEVELOPMENT LABOR.4TORY RADIATIOS

EFFECTS ASD SEIELJ21SG ANALYSIS GROUP: R,J. !dORFORD,

F.Jf. 3WSS, PRINCIPALS

o LAXL HEALTH SA~EIY AXD ENVIRONMENTAL DIVISION; A.J.

MILLER, R.L. MUXDIS, T.E. BUHL AXD B.11. BOWES, PRINCIPALS
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M!SL-T-2 HEDMZE&SA LANL-HSE

protonrew.ion data
i

/\

/

‘neutron somes —>neutron transportcalculations

for shield thickness,wall,
/ ~necration;, neutronfluxes, crc.
/’,

9 v
prom activation neutron activation

background radiation kvels

CL-TiiXE OF A(7I 1-lT1 ES PZQUIFLEDFOR GTA- 1 SHIELDING & RADIATIONSAFETY ANALYSIS
111.0-6



:-:qvp.-.... .t-----------.
—, ~.J “ - :,.-:::-;:::::-;:.;”” -

I
. ..- ..-, ---- . .

.. . . . . ; ::+. : +.;.:. :.: .. .., . .. . . . - I.1 .!

r
.

.
1
I ‘:-;-”=--:.--..●

# ‘:’
I

- -,

1-
1
1

SOURCE TERN K)CAT 10SS

111.0-7



Rdla(wmilWIMPY
●Improved methods appropriateto 50 MeV proton beams
were utilized to produce neutron sources for shielding
analyses.

4 ,
1 a

?
~

>
lNCE calculation

P --....-

? 10-4-=
:.

m
;
x-

&
$
~ 104:

‘-‘1
p+Cu 52MeV

/

‘\-
3 thick target 150 5
: “-L.

Sthtkal-preequilibrium >-
calculation L-

10+ I I 1

.

0 10 20 30 40

-Owl

Neutron Source Term Development
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Radihtkim %fdry

.

MC%T Isotropic ~m~tlte Cone.
. 5~ectYaY ~r~ent (lrdlmry Ccncm-:-- Source Stre=gtk p=3.43 E/CC ~ith-“x- . .. ..

rsed ic.see) Csed j3=2.21 giCC Double the Cement

H- BEAM STOP 2.60 x 1013

4.51 > 1012

a
7 c’

0°

70°

100 d ox
cABBm

100 mA 0’S
CARBOX

7 FT. 5 FT.

9 FT.

7 FT.



RdliiaihmlSafa!iry

SOURCE TEF??SCOYPIXTH)

BULK SHIELDIXG DEFIXEE (TABLE K-1;

COXPOXEST SHIELDIXE WORK CXDERKAY

~-ALL SHIELDIXG BLOCK RFQ KRITTES

E.KPE~EDWSES IS COYI’IW70USLYOCCI-PIEDFORK AREAS

OF LESS THAX 1000 mREl!/YF! A2XDATMOSPHERIC DISPERSION

.4SALYSISAT XEAREST SITE 60USDARY OF G.025 mREM/YR
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Iv. SCHEDULES

Each work package in the 6TA project has its own schedule. which is maintained by the ~rk package

-ndger; the project cffice has a higher level schedule. [ach work package manager up-dates his schedule

either weekly or hi-weekly and the project office up-dates its schedule mmthly. The attached schedules

show the project office schedules for the various systems.

The project office also maintains a master fnilestone chart that is up-dated periodically. The

wster milestone chart is under the configuration management system on drawing number 112–253141 E-1. It

cannot be changed without going through the drawing change procedure. This chart is available from the

Flight Support Office.
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=A FUHDIHG RESOURCES

estimates have been completed for GTA. The

GTA Phase 1 is shovn. Fabrication costs and

funding profile for

facility completion

?raduce a significant peak in fiscal 87. A reduced cost results during

irs~allation and checkout in FY 88. If additional testing using the

GTA ?hsse 1 system is planneci beyound the Ground Test Milestone at

the er.dof FY 88 then the operating cost will be approximately $1031/year.

V-2
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.%p?raxi-~tely 200 lANL. people will be required for the entire GTA

+?raxi=tely 150 are on board at the present time. These people

t%roughou~ the Laboratory as shown by the listing below:

Divisions

Ez~ineering

Yaterials Management

electronics

C?teGistry

Co~puting &
Cocmmnications

?faterials Science &

Technology

~edi-~ Energy Physics

program in FY

are from many

EsYP5 Divisions

ENG-2 Physics
ENG-8
ENG-9
E::G-10

E-1
E-2

cm- 1
cm- 3
CM-4
cH?l-5
CHH-6

c-4

MST-3
HST-5
?fsT-7

HP-7

87 and beyond.

d:visions and groups

Accelerator Technology

Dynamic Testing

Controlled Thermonuclear
Research

Theoretical

Design Engineering

Energy

Analysis & Assessment

-

P-2
P-3
P-5
P-7
P-12
P-15

AT-1
AT-2
AT- 3
AT-4
AT-5
AT-6
AT-8

n-7

CTR-6
CTR-8

T-2

WX-4

Q-13

s-3

v-4
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Table 3.2

CTA PHASE 1 SYS~ SPECIFICATIONS

Particle H

Output Energy 50 MeV (nominal)

Accelerator Output Beam Current (H-) 100 MA (nominal)
20 MA (tune up capability)

Output Beam Current (H”) 45 mA (nominal)

Output Current Repeatability (Ho) *5Z

titput Beam Radius (Ho) <3.0 cm rms (10’)

Output Beam Shape Ellipse with x & y
diameter ratio between O.& and 1.0

Output Beam Divcr&ence (Ho) <25 prad (8/2) rma

Output Bcnm Deflection (H”) ~ Lo 0.5°, one plane

Steering Accuracy <10 Brad

Operating Frequency 425 Mllz (namlnal)

Operating Frequency Stability +1O kHz

Duty Factor 0,12 (operating)
5% (accelerator design value)*

Brnrn PUIRC Width (vartahlc) 30 to 3(7.0us (operating)
2 ma (accelerator rlen.gn value)*

PIIIHC RcpL~fltlntl Rate Accelerator compatible with 0.1% DF,
NPB device 3 Ilz maximum
(alno mingle pulac cap~hlllty)

Nnrmnlizcd RMS Accclcrator 0.02 ticm-mrad (nominal at 100 mA)
OuLpul I!cnm Hrnitlnnce (H-)

KIU/ & I)’l’l, ‘1’c~rnpc~rnttlr~g Stltblllty 10.5” k’ (about net point)
opcrnli[)nnl kcqll[rvmcnt!i 4 hnura/dfiy

4 dnyn/beck
46 wcckn/year (736 bourn/vunr)
for r~r) cnr~

i(*8 X lo plllHC!n/y@llt’ {1[ ‘] 1[2)

TITLE: GROUNDTESTACCEL~uToR
PHASE ONESYSTEM SPECIFICATION
Decum.nt No. H2Y M4005

PAQE v OF I(j PAGES
IGTA MUMMM ,109 ALAUOO UATIIJMAL LADORA70RV

L09 ALAMOO, UCW MCXIC087848



GTA PHASE 1 SYSTEM SPECIFICATIONS (continued)

‘stem to be installed in TA-53, MPF-18

Installed hardware will include complete N1’B system through

and including H“ beam stop.

Hardware will be space qualifiable wher~~~er possible but is
not requi.reci to be space qualified.

* Injector and LEBT, RFQ, buncher, RGDT1,, 50 McV DT1,, vacuum system

and coolin~ system shall be designed to flllfill the 5% cluty factor and

2 ms pulse length requirement of G’rA Phase 2,

~E: GROUND TEST ACCELERATOR ~ _ _ ~ nmn fifl~nflmn I

IE ONE SYSTEMSPEC1F1CATION

:um.nt No. LHY woos IGTA UN NJN.W!Js ~
109 AL AM08 NATIONAL LABORATORY

5E J OF I(, PAGES 109 AL AM09 UKW MC XI I!097R4S
I



Table 3.6
CTA PHASE 1 IUJECTOR SPECIFICATIONS

Ion Source

Ion

Ion Source Type

Pulne Width (variable)

Duty Factor

Repetition Rate

Output Current

current Variability

Current Repeatability

Delay time from initiation
pulee to 10Z current rtaetimc

Cooling Requirement

LEBT

Output Energy

Output Current (H-)

TrnnHmisnion

Nnrmalizrd rmn Output
liunm Emlttnncc (nt 100 kcV)

Fociln Syntvrn

Hcam Spilcc-ChnrMc NcuLrullza[lon

Ihnrn MulchlnR

Vncuurn Rcqul.rurncnt

cnoltn~ Rcquircrnent

,~n~octnr TOt.fll~.—— .-...—.
l,cll~lll

AC l’~iwur Rcqulrernentn

,, mt~ll (:nt]llng Cnpnblltty
Kcqulrrd ill lnlcc~or I,(wfitlon

H-

Dudnikov (small angle source)

30-300 Da (operating), 2 ms (design)

0.1% (operating), 5% (design)

Consistent with 0.1% DF
(single pulse capability required)

150 mA (nominal)

5% rms

+ 2“/!”

TB14 V~

6 kW (average)

100 keV (nominal)

>120 mA
>90~ at full current

0.017 wcm-mrad (rma normalized)
(at full currant)

Pcrrnnnent magnet (namnrium cobalt)

Xenon Rclltdual Can

Minimum ~lnglc 41 mrad,
Beam Waiot rndluM 1.0 mm

<1 x 10-~ torr Xc

<1 x 10-6 torr 1{2

1,() kW (avcrugc)

(,1’;

TITLE: cnou~T~sTACC~Lc~To~
PHASE ONE SYSTEMSPECIFICATION

Documont No. H2Y 2s4003

PAGE 4 OF 1G PAQES

GTA MN IMJWJINI
LOS AIAMOB IIATIOMAL LAOORATORY ;

LOO ALAMOO, NRW MCXICOD784S I



Table 3.7

CTA PEASE 1 RADIO FUQUUKY QUADWPOLK SPECIFJCATI=S

Operating Frequency

Operating Frequency Stabtll Ly

Opcrnt Lng Frequency Tuning RmIgC

lnjcctlon Energy

Output Energy

input Current

Output Current

Current 10SH ut

nominal output

Duty Factor

425.000 10.010 ~HZ

110 kllz

12(I kllz

100 kcV (nomlnnl)

2.07 Ncv

1:)[) MA

106 mA

120 mA

0.1% (operating), 5% (deoign)

<().019 ticm-mrad (nominal)

<’IBD cm

(0.002 fi cm-mrad

<2.65 Metorn

Loop Couplul

t 5%
‘~‘i%

(lo MV/m (1,8 x Kilpatrlck). .

tlunch~r

‘1 x 10-6 Torr

“ F. .

10,5’” If

2 kw

‘IYH kW (nomlfl~ll)

10.01” mm (’~ x l(l-li Inl)

(11(]

rLE: GROUND TB9T ACCELEMmR
MC ONE 9Y9TEH SPECIFICATION

wm.nt No. 112Y ?s~oos
GE b OF 1(, PAGES



Table 3.8

CTA PHASE 1 BUNCU.ERSPECIFICATIONS

Operating Frequency

Frequency Stabilization

Output Current

Output Beam Radius

Duty Factor

O~crating Gradient

Length

Beam Matching

Vncuum Rcqulrcmcnt

Cooling Requirement

RF Power Rcqu{rcrncnt

425 MHz (nominal)

Slug Tuner

?100 MA

<TBD cm

O.1~ (operating), 5% (design)

2.5 MV/m (nominal)

2.5 BA (TBD m)

Ramped Gradient DTL

<1 x 10-6 Torr

Minimal

30 ku peak (ATS Type)

‘,

TITLE: cnou~‘fcSTACCcL~RATOR
PHASE ONE SYSTEti SPECIFICATION
Documont No. IIZY IMO05
PAGE b OF I(j PAOES

(

Gll IMMmwim109 AL#MO0 HATIOUAL LAOORATOR



CTA PHASE 1 DRIR
Table 3.9

TUBE LIRAC (DT1.)SPRCIFTCA1’IONS

Operating Frequency

Input Energy

Output Energy

Output Momentum Spread

Output Beam Current

Beam Loaa at Nominal Current

Output Beam Radius

Duty Factor

Normalized rms Output
Beam Emittance

Emittancc Growth

Ramped Gradlcnt, lat Tank

Accelcratlng Gradient Range

Number of RF Drlvca/Tank

RF Drive

Frequency StabLLtzation

RF Field Stabilization

Quadrupolc Focusing

LcnRth

To Simulated Illngu Point

End-to-end

V~lcullm Rcquirumcnt

Tumpurnlllru Stillllllly

425 }0.010 ~Z

2.0 MeV (nominal)

50.0 MeV (nominal)

<0.001

100 MA (nominal)

<1%

~!O.1 cm (2cf)

0.1% (operaLion), 5% (design)

0.02 lfcm-mrad (nominal)

<0.001 ~ cm-mrad

2 to 4.4 MV/m (nominal)

4.4 to 5.0 MV/m for 6 rcmnllling tnnk~

4 (Muxlmum)

LOOP coupled (500 kli)

Tune r

Post Couplere

Permanent Magnet (neoydcnium-fron)

<12 Mctero (nominal)

<16.2

<1 x 10-6 Torr

“ F..—

10.5” F

12 kW (average) water cnold

(IM!C! RF NyNtcm r~qulr~mcnl)

7

I (v)

lTlil) mm

IIMI



Table 3.10

CTA PHASE L HIGH EHERCT BW TRANSPORT (BEBT) SPECIFICATIONS

Particle 11-

Beam Energy 50 WV (nominal) nnd 7, 15, 23, 31, 39,
nnd 47 }lcV for installation checkout

Beam Current 100 nut (nominal) & 20 mA (tune-up)

Bl!nm Energy Spread <.001

lnl)ut Bcnm Rndiun <1 mm (2d) nominal

olllp~ltIlcnm RndiIIrI 22 cm (3d)

mn’r(lperatirl~ Prcanurc 10-6 torr

IIEBT Opcrilf Ing Tcmpcrnturc Ambient

Illtll’r (:oullll~

‘~r:lnHpOrl SyHlOm Type

,.

TITLE: GROUNDT~STACC~L~~TOR
PHASE ONE SYSTCll SPECIFICATION

Documont No. IIZY 254005

PAGE u OF ]G PAGES
GTA MBIMIMIINkOt ALAMOO MA7101iAL LAOOUAfORV /

100 ALAMOO, MIW U[XICO0714S !



Table 3.11

GTA PHASE 1 H- B13AMSTOP3PIICIF1CATT.ONS

li-

50 M(’v

100 MA

41 cm (3rf)

LI.5 c.m graphjtc bmr.lc~d L[] cnllpv]

/+1 ~ 47 cm (~fj)

()()”

5 kW

~ 10-(” Lorr

1!() w/cm2 (m~lxlmllrll)

(,1;),,

;: GROUND TEST ACCELERATOR

ONE SYSTEM SPECIFICATION

montNo~ IIZY ZMOOS
II OF I()

IGTA MMMil[),jLO, ALAM09 UATIONAL ’i’ABORATORY
:
. PAGES 109 ALAMOS. NEW ~AK!XlC00784S



Table 3.12

GTA PEASE 1 BEAM MAGNETIC OPTICS SPECIFICATIONS

(sumARy)

Input Beam Assumptions (Output of DTL)

Energy

Momentum Spread

Current

Emit. tance

Beam Radius

Output Requirements

Clear Aperture

Beam Steering Range

Beam Expanaion Ratio

Focusing Range

Ilcam RndiuH

Beam Divcrgencc (nftur steering)

50 14cv

<+0.05%

100 mA, H- (nominal), 20 mA tune-up

0.02 ffcm-mrad, rms normalized

<1.25 mm rms

30 cm diameter

O to 0.5” in one plane

w 25

1- 100 km

3 cm rms nominal

~25 prad, rms (normalized)

Bi!ilm Mtigncti,c Optics Divcl’gence Contribution

Chromatic Aberration <1 Brad
(ilt 0.5’) off flXIR)

ApcrtIIru Abcrriitlon Tt)D prad

SptICP (;h{lrgc (;rowth TBD prad

hum I)lrccllon 180° from input direction

OIItlml cllrrun L (11-) 100 mA nominal

(;lll”l”rllt i,OHP <1%

‘,

TITLE: GROUNDT~S’f ACCELERATOR
PHASE ONE SYSTEllSPECIFICATION

Documont No. HZY z5~o05

PAf3~ to OF I (i PAGES

(,V).,

I

LOO ALAMOOa M#W MtXIt00784S I



5.1

5.2

Table 3.13

CTA PEASE 1 DETAIL BEAM MAGNETIC OFHCS

Matching Section

Emittancc Growth TBD

SPECIFICATIOllS

Output Beam Radius <1.25 mm (rms)

Maximum Length <2 m

Vacl]llm Requirement ‘~10-6 torr

Coollng Requirement none

Must be able to mntch to 180° bend or IIEIIT and 11- beamstop as required

180° Achromatic Turning System

Emittance Growth

outpllt Benin Radius

Eff~!ct[vc IJcnd Diumcter
(ccnterllnc to ccntcrline)

Mcclluntcal Allgnmc!nt Tolcrancc

Clc(lr Aperture

Ill pelt!

Q1l/ldr(lpolc

OIIIHIdU Dlnmrt(*r (Mngnct)

MflKnul M{llurlnl

M/l~nrt ‘ryp~~

<TBD%

<1.25 mm rma

<3.2 m

TBD mm

5 cm diameter

3 cm diameter

15 cm

TBD

FlrHt magnet lfI clcctromugnct,
remainder arc pcrmnncnt mugnutsj
with clcctrnmngnct trlmmcr~

<10-6 Lorr

1(1 kW

rLl% GROUND TEST ACCELERATOR
iSC ONE SYSTEM SPECIFICATION

lcumont No. 112Y2MOOS GTA ~o~~~~~~~
,GE I I OF 1~ PAGES

kOBALAMOB UATIOHAL LABORATORY

LOO ALAMO,, HIW MCXICOS7B49



5.3 Beam Expanding Telescope

Vacuum Requirements

Cooling RcquiremenLs

Divergence

Eyepiece

Clear Aperture

Focun

Tilt with respect to
Angular range
Accuracy

Iable 3.13 (continued)

(7.5 m nominal

<1 x 10-5 torr

TBD

<25 ~lrad

5.0 cm diameter

V;lriable, T13D

objective lens
TBD prad
TBD Brad

length)

I’)[splaccment with respect to ol>jective lens
fixed
L5 mm

Permanent magnet,
electromagnet trimmer

TBD

TITLE: GROUNDTCSTACCcLc~~R
PHASE ONI! SYSTEIISPECIFICATION

Documont Na HZY ZS4005

PAGE IZ OF I() PAOES I10S ALAM09, IICW M[XltOt7r46 ,



Table 3.13 (continued)

GTA PHASE 1 DETAIL BEAM MCHETIC OPTICS SPECIFIC\TIORS

Objective

Clear Aperture

Output Beam Radius

Focus

Magnet Material

Magnet Type

Steering Magnet

Output Beam Radius

Clear ApcrL~lrc

Steering Rnngo

Coil Current Control

Steering Accurncy

Jlttcr

PoRLtlun Tolcrunc(~

Po.qit.ion $tnbllity

Slew ILltc

VncuuIII RcqulrcmcntH

Crmllng Rcquircrncntfi

MnRnct Type

30 cm diameter

<3.0 cm

Variable, 1-100 kM

TBD

Prrrnancnt magnet with
electromagnet trimmer

<3.0 cm

30 cm diameter

O to 0.5° in one plane

*TBD%

<10 prad

TBD

TBD

TBD

1 degree/n

<10-5 torr

none

Electromagnet

‘,

(al.,

~: GROU~ TEST ACCCLCRATOR
ONE SYSTEM SPECIFICATION

lmont No. lIZY z54005 61’h LB8 Ih~KIOSLO$ ALAMOO NATIONALLAOORATORY 1

: 13 OF lb PAGES LOO ALAMOO, HIW MtXICOt784t I
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Table 3.14

~A PEASE 1 HEUTUALIZER PE~NCE S?ECIFICATI~S

Input Particle

Output Energy (Ho)

Input Beam Current (H-)

Neutralization Efficiency (HO/ll-)

Neutralization Efficiency LhItformily

Ncutralizatton Efficiency Time Dcpcndnncc

Output Beam Dlvergencc (11°)

Ncutral[zcr Contribution
to Divcrgcncc

Duty Factor

Beam Pulnc Width

Pulmc Repetition

Beam Steering

Neutralizer Bore

(variable)

Rate

k!nm SISIIHlnK Vt]lumc

Tm{ll l,rIlj:th
‘,

TITLE: GROUND TESTACCELERATOR
PIL+SE ONE SY9TBH SPBC1?1CATION

Docum.nt No. 112Y woos

PAGE 14 OF lb PAGES

11-

50 MeV (nominal)

100 MA

>45%

ITBD%

TBD

25 ~lrad (8/2)rms

<3 ~lr;~d

0.12

30 10 ?00 pa

<3 I{*

O to 0.5°1 onc plane

30 cm d~ameter

5.0 cm rmn

Argon

2 x 10-2 torr

100 cm

4.5 uUm/cm2

JO mu

TllD

25 gpm @ 70” 15” F Inlet tcmpcrnturc

60 kW, 208 V-3f#-60 Hz

TllD

<30 mG/m

((l



Table 3.15

GTA PEASE 1 H Bunsxm ~ sPmIFIcATMms

I Beam Seneing

I

Beam

Measure dircctton of Ho beam

Temperature Control Range

Vacuum Requirement

Scoring

Beam

Beam

Beam

Beam

Beam

Intcnel ty

Profile (intensity vn x&y)

13nergy Spectrum

FIIIX

c roid Accuracy

Temporal Resolution

H“ Bcamntop

Particle

Input Beam Energy

rnput Iicnm Currents (H”)

[nput llcnm I)lamctcr

●1O ~rad

+0.5° F

<10-6 torr

TBD

10% FWHM

I102

TBll

TBD nun

LTBD pm

Ho

50 Hcv

50 MA (nominal)

TBD

>0.5 cm graphite bonded LO copper

TBt)O

not lCHE than 2.0 cm (Id)

<200 wattn/cm~ uvcra~c

(200 kW/cm’ pcnk)

<10-6 torr

5 kW

‘IWD

TIID

m)

m)

$1 rm (20”)

TIH) m

7rnE: CROUNO TW3T ACCELERATOR
PNASE ONE SYSTEH SPECIF1CATION

Docum.nt No. 112Y 254fJos GTA ~OW~HOB

PAQZ 15 OF 16 F’AOES
LOO ALAMOS UATIOMAL LAOOmATORV

LOOALAU09, M8W MIXICOS7148

I
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Tsble 3.16
CTA PRASE 1 RF SYS~ PE~~ SPECIFICATI~S

Frequency

Bandwidth (1.0 dtl Points)

RF Power Required (penk)

RFQ

Buncher

DTL 1 (RGDT1.)

DTI.2

DTL 3

DTL 4

DTl#5

DTL h

I’)TI,7

Momentum CompacLor

Tot/n

Maximum Beam Current
Fluctuation Accornodntlon

Pulse Length (vnrtablc)

tk~pct~tlon Rutc

Duly Filrt’ol”

Amplltlldr Control

* l’r(~vllli{}n will IN mudv 10 ll~llt
/111(1 klYNl rndl~ RF IIIIllf4,

** onv hlvflfl”l)n (Irlvrfl Iwcl pl}rlll

425 MHz

+2.5 MHz

Hw

O. 506

0.050

0.851

1.726

1.686

1.705

1,1)32

I,fllo

(1.B411

().125,...—

10.7”)9(no margin for overdrive)

“:5Z

30-350 mec

Compatible with 0.17! I)F

0.1% (operating) ***

+0. 5%

.10.5°

PfinmatchcH nt ntnrt/end of pulne

(480 voltH, 3 phnnc) 13 kv?

Tul)

KlyHkrnn

WR 210U wnvc~ufdl’

h-l/n” (:ollxllll 1,1110

I,oop Drlvcn

500 kW (nt~mln{ll) (1 NW?)

Comptt Ihlr wllh Compufor Cmnlrnl

1)~ kw

‘;()() kW HI) I [d Ilt {II {1

JI I ’12dilly I/l(’f I)I’. (11’

71TU% GROUND lZSTACCELBRA~R
PHASE ONE SYSTE?t SPECIFICATION

Docum.nt NO. IHY ZMOOS
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I. Introduction

A, Descrlptlon of Associated Facllitles and EqulDment

The Ground Test Accelerator-1 (GTA-IJ Is a key part of the

U.S. Neutral Particle Beam (NPB) weap~ms program. That program wI1l

assess the feasibility of using neutral particle beams as directed energy

weapons. The NPB program has recently been Incorporated Into the

Nation’s Strategic Defense Inltiatlve. GTA-I will support the Integrated

Fllght Experiment (IFE-1) and provide hardware, design and exper

knowledge for GTA-2.

GTA-1 1s an accelerator based on technology developed

Laboratory’s AT Division, It !s located within Laboratory boundl

mental

by the

r!es at

TA-53. Major operating parameters are llsted below. A more detailed

description appears in Appendin A to Los Alamos NPB Integrated Spat-g

Experiment Point Des!qn Study Report dated January 10, 1986.

Accelerated Particle H-

Output Energy 50 MeV

Output Beam Current (H-) 100 mA

Output Beam Current (H”) 45 mA

Duty Factor 0,1%

Beam Pulse Width (variable) 30 to 300 us

RF Frequency 425 MHz

F!gure I-1, I-2 and 1-3 show facll!ty layout. The accelerator

and associated systems are housed In an ex!stlng bulldlnq and !ts new

square foot add! tlon that has a steel frame and corrugated steel sldlng,

Off Ice, laboratory and support area walls are of metal stud-gypslum board

Coitslrllct!orl,
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Particle acceleration begins at the injector in which H-

particles are generated and accelerated to 100 keV. The injector is

followed by a radio frequency quadruple (RFCI) accelerating section that

Increases beam energy to 2.0 MeV. The final accelerating assembly is a

drift tube linac (DTL) composed of seven DTI- tanks. At the end of the

DTL the beam can continue straight ahead to the H- beam stop (BS) or be

switched to a 180° turning section. The H- beam stop is used for

tuning the accelerating sections. Following the turning section the beam

is expanded in a telescope to 25 cm diameter and passes through steering

magnets to the neutralizer. In the neutralizer about 50% of the H-

particles are converted to Ho particles, 25% remain H- and 25% become

H+. In the beam sensing region the direction and divergence of the

neutral beam is measured, Finally, the beam strikes the water-cooled H“

beam stop which contains a beam scoring system.

Installation and experimental operations wI1l be the

responsibility of a Project team,

B. Description of Operations

Objectives of the GTA-1 Project are:

● Validate basic design parameters ISE-1

● Demonstrate performance of selected ISE-compatible

components

● Provide an engineering test bed for component development

● Provide a mechanism for transferring technology to

industry

● Provide a system for testing Industry-developed

comoonent~l

The accelerator and associated system~ shown in Figure I-1

will be Installed and tes~ed in a sequence beqlnning with the injector

and ending with the H“ beam stop. hhen the system Is fully operational

It wi!l be used to satisfy the objectives listed above

The operations schedule ls planned to be an average of four.,-...

holllsper day, four days per week, and 46 days pet year (736 hnurs per

yeal ),

Apl).1{-8



II. Description of Hazards

A. Hazards

1. Ionizinq Radiation from Structure and Shielding

blithin the facility the accelerated H- beam will pass

through a magnetic optics section, expanding bending, shaping and

steering magnets, a neutralizer (producing H“, H-, and H+ particles.

And finally Into a beam stop that will safely dissipate the particle beam

energy. Throughout this system, but especially in high-energy regions

and In the beam stops, high-energy neutrons will be generated, The~e

include a high flux of neutrons with energies up to 50 MeV but having an

average energy of about 1 MeV. An approximately equal intensity of

prompt gamma rays having a maximum energy of about 4 MQV will also be

produced. High energy neutrons will activate matelials throughout the

accelerator vault and beam stop vault. Low level ,lctivation of cooling

water is also likely to occur. The magnets will be a source of residual

radiation. The magnetic optics neutralizer and beam sensing sections of

the GTA facilities can be made of aluminum, thus reducing activ~tion in

the general structures. The beam stops, the greatest sources of residual

radiation, will be made primarily of graphite, copper and aluminum.

Isolation, shielding, and limited access will be used tominimlze

radiation exposure from the beam stops. Copper alloys and copper plating

wI1l be used to minimize rf losses and to maximize heat removal in

certain locatlons.

At the 50 MeV end of the l)TL, the hiqhest neutron fluxes

are expected from p~rtlcle losses in the matching section of the magnetic

optics; ‘thefluxes generated will al-u have the highest energy

spectrums. The hlqh--energy spectrum,r,ale ~mpo~tant because miiny of the

activation reactions are threchold reactions. Maximum allowable

exposures are tho~e contained It]DOE OIdel 5480.11, [)uring normal bc,~nl

operation the alr In each vault ,Inube(]m stop will be :,taqnant, When the

beam is off, a~r from thes~ - . , will bc vented th~ouqh a

h!gh-efficir?ncy (!’4,97%)p~rtlculdte alr (HEPA) filter bank and an

exhaust stack. P~rson,lel access w1lI t)~’dllowed only when vt?ntilation is

Apl),l!-()



The Los Alamos National Laboratory Applied Nuclear

Science Group (T-2) in collaboration with the Radiation and Shielding

Analysis Group of the Hanford Engineering Development Laboratory, are

doing a shielding study and will provide engineering data necessary to

design shielding to meet exposure criteria. The accelerator will be

surrounded by normal and high density concr-ete stepped stack-block

shielding that can be quickly mcved by an overhead crane for

reconfiguration of the accelerator or for maintenance work. Preliminary

bulk shielding thickness is analyzed in letter, Morford to Cole, “ATSU,

100 MeV Linac Shielding 10/20/85”. Shielding thickness required for the

GTA-1 beam stop is approximately 8 ft. of high density concrete. Cracks

in the stack up block will be sealed to prevent leakage of radioactive

air from the vault.

The policy of the Los Alamos National Laboratory is that

employee and public exposure to ra(iation and radioactive materials will

be kept to the lowest level technically and economically feasible and

always less than the standards for radiat]on workers (Health and Safety

Manual, Administrative Requirement 3-l). The “as low as reasonably

achievable” (ALARA) principle will be adhered to In all activities to

minimize operational exposures,

2. Emissions

No nonradioactive emissions are anticipated which would

require regulation under New Mexico Air Quality regulations 702 and 703.

No emissions will be produced requiring regulation under Prevention of

Significant Deterioration (PSD) rules,

Airbor-rreemissions will consist of activated air

discharged through HEPA filters to the atmosphere at Intermittent times.

Filters will be tested in place to assure 99,977. efficiency, The only

way to dispose of activated air i$ to hold it for radioactive decay to

acceptable lev~l~ dnd then vent it to the atmosphere, Any activated

gases will be vented so that resulting doses do not exceed the DOE

occupational exposuie RPS (5480.11 proposed revision) of 0,5 mrem/hr irl

continuously occupied work areas, No activated air will be circulated or

exhausted dur!ng beam opt?ration~

At]l).H-1(1



Preliminary air activation data was computed for the ATSU

facility (the previous name for the GTA-50 MeV accelerator) based on an 8

hour/day irradiation time and various decay times. (Ref. letter R. J.

Morford, radiation and Shield Analysis, Westinghouse Hanford Company, to

T. R. Cole, AT-4, Los Alamos at the Los Alamos National Laboratory,

recei~ed April 12, 1985). The code used by 14est!nqhotizeI!anford Co, to

calculate the production and quantity of isotopes for GTA-1 is REAC

(Reaction Activation). The REAC code is used for acti~’ation

calclllations. It has four basic libraries which makes input very

straight-forward. The libraries are: (1) material composition, (2)

mu ti-group flux, (3) multi-group cross sections, and (4) radionuclide

decay. This code Is the best available at this time for high energy

neutron activation and Is widely used. Many other codes are used as

required for specific parameters.

The code was rerun at the Los Alamos National Laboratory

using the average beam intensity for a nominal 8-hr running day and

various decay times to more accurately reflect the production that can be

expected for each isotope, The operating day for GTA-1 is four hours and

the duty factor is 0.1%. The reduction In run time and duty factor

reduce the annual dose to a member of the publlc at 1000 m from about

0.30 mrem In the Dewart-Buhl report to 0.025 mrem, Dose scales with duty

factor but not with runrrlng time because of different t!mes to saturated

activity.

radlonucl

indicated

nearest s

Table 11-1 lists air concentration and annual dose by

de for GT4-1 operating parameter.

Atmospheric dispersion analysls for the ATSU facility

that the expected annual whole body dose received at the

te boundary for routine release (8 hr day 4 day/wk irradiation

time, 1% DF) was 0,3 mrem, (Ref, Appendix A, memorandum, Dewart and Buhl

to Olinger, Routine Releases from the Accelerator Test Stand Upgrade,

/25/85), attached. The nearest site boundary is the fence bordering

State Road 4 (Main Hill Road) 1000 m distant.

The DOE has recently revised radiation protection

stand~rds for the publlc, The per-tinent standards are a) 100 mrem/yr

effective dose equivalent. for a llmited number of years of exposure, and

b) 25 mrem/yr whole body dose for air pathways, The latter standard

App,l\--ll



corresponds to the Environmental Protection Agency continuous exposure

limit issued in 40 CFR 61, 1/85. Recent engineering design improvements

to the LAMPF beam stop area have significantly reduced LAMPF’s release of

activation products to the ~tmosphere (from 31 mrem in 1984 at the

nearest site boundary to approximately 11.4 mrem in 1985). The expected

GTA releases will not affect LAMPF compliance with DOE 548@.lA or with 40

CFR 61.

The Laboratory environmental monitoring program monitors

radiation from airborne activation products released by LAMPF. The

prevailing winds are from the south and southwest. A source term for the

release of all radionucl ides except tritium (H-3) is obtained from ion

chamber measurements that continuously sample stack flow.

Thermoluminescent dosimeters (TLD) located on the downwind Laboratory

boundary directly measure abcve-background external radiation levels to

within 2 mrem/year. (Tritium is monitored separately and continuously

with the release point stack.) Twelve TLD sites are located downwind at

the Laboratory boundary north of LAMPF along 800 m of canyon rim. Twelve

background TLD sites are about 9 km from the facility along a Cailyon rim

near the southern boundary of the Laboratory. This background locatlon

1, not influenced by any Laboratory radiation sources. The 24 TLDs lre

changed each calendar quarter or sooner, if LAMPF’s operating schedule

dictates (start-up or shut-down of the accelerator for extended periods

m{d-way in a calendar quarter). The radiation measurement (above

background); (11.4 mrem for 1985) is obtained by subtracting the annual

measurement at the background sites from the annual measurement at the

Laboratory’s boundary north of LAMPF.

3. Effluents-

Waterborne effluents wI1l consist of routine sanitary

waste from restrooms at the facilities and programmed releases cf

sllghtly activated waste cooling water used to cool

stops. Nucl ides expected to be present In tne GTA-

conslst mainly of water spallat!on products such as

N-13, and 0-15, The coolant system wI1l also conta

component spallation and corrosion products, These

expected to contain radioactive isotopes of CcI,Cu,

magnets and beam

cool ~rrgsystem

H-3, Be-7, C-11,

n some amount of

products would be

Fe, Mn, V, Cr, and

N!, Dur!ng normal system operat!on 5Uch products will be removed from

th? coolant stream and concentrated In the demlrlel,~l!zerbed~,



TABLE II-1

Radionuclid~

Ar-41

N-13

C-II

C1-40

s-37

0-15

cl-39

Cl-38

S-38

Ar-37

C-14

0-14

H-j

cl-34

s-35

Ar-39

CI-36

GTA-1 AIR ACTIVATION PRODUCTS RELEASES

Half-llfe

109.8 min

9.96 min

20,3 min

1,4 mln

5.06 min

2,05 min

55.5 min

37.3 min

2.87 hr

35,1 days

5730 yr

1,182 m!n

12.26 y?’

31 99 m!n

81.9 days

269 yl’

3,08 105 yr

Concentration

aftet- 8 hours

of ooeration

(Ci/cm3 )...........

2>48 10-6

1,55 10-7

2,59 10-8

2,57 10-8

2.47 10-8

1,09 10-8

1.02 10-8

4,28 10-9

3.28 10-’0

2.35 10-’0

7,15 10-”

6,20 10-1’

3.40 10-”

5,2410-11

5,”75 10-’2

5,50 10””’4

4,36 10-’9

Annual Dose

(mrem)

2.3 10-2

7,0 10-4

1.5 10-4

1,2 10-5

2.0 10-4

5.2 10-6

9.5 10-5

4,4 10-5

5.1 10-6

3.4 10-9

1.9 10-8

2,4 !0-8

35 10-8

4.1 10-7

2$2 10-]0

1,5 10-9

8.510-14



The GTA-1 cooling system will contain approximately 2500

gals. Cooling water will be drained intermittent into the “1A-53 sewage

system.
(

Effluent radioactivity is not considered a hazard for the sewage

system. Personnel in the Accelerator Health Protection Group (H5E-11)

routinely monitor the circulating water system. blhen it is necessary to

drain the system and dispose of the water, proper procedures will be

implemented based on the level of activation. The radioactivity in the

water will generally be allowed to decay to acceptable levels and then

disposed of in the TA-53 lagoofls. If’such disposition causes

concentrations in the lagoons to exceed DOE regulations, the water will

be removed to the Labor~tory radioactive liquid waste facility at TA-50

and disposed of there In past years radioactivity in effluents ‘eleased

from the TA-53 lagoons was reported annually to the DOE and the

Environmental Protection Agency. Aerdtors have been added to the two

original lagoon cells and a third cell was added in 1985. Since then no

liquid effluent has been discharged from these lagoons and none is

expected to be in the future.

4. Soil Activation

The beam stops cause negligible soil activation,

Consequently, nuclide migration from the GTA site is not likely, The

beam stops are located near the centers of the buildings and are thus not

subject to dfrect exposure from rain water. Surface water drainage paths

do not lead under the proposed buildings, and ground water is

approximately 900 feet b?low the site elevation. There is no known

me;hanism for transporting nucl ides from the beam stop area to the ground

water.

5, Electrical———..—..

[Iectrlcal hazards are present in the injector power

supply, the radio frequency (rf) power system, and the beam sensing ltiser

power supply, In all cases access to hlqh voltage component containers

Ot-enclosurc~ i<;Interlocked so th,~t$tartup is prevented or the system

shutdown if the Interlock is vlolat[~d. Ma interlanceof hlqh voltage

\ystems is perfo)med under SOPS th~t h~v[i been 1evlewed by operation

511CQI’V\SOl’S dl)d th(! Idbordtory”; H$[ [)!V!$!OI1.



6. RF Radiation

The rf power thtitdrives the QFQ and DTL accelerating

sections is completely enclosed. RF power detect(r’s monitor areas where

rf subsystems are located and give an alarm If present levels are

exceeded.

7. Laser Radiation

Laser beams are part of the H“ beam sensing scheme. The

laser beams are capable of causing severe eye damage and skin burns.

Protective measures include training of per$onnel in operation and

maintenance, local shields and enclosures interlocks, personnel exclusion

areas, safety eyewear and the use of SOpr.

8. Fire

The principle sources of’tlammable materials and fire

protection are discussed below,

~lelectric Oil

Dielectric oil is used in several high voltage

components. The largest quantities are in the ;f power system,

Capacitor banks will use capacitors filled with either General Electric’s

“Geconal” or HATCO Chemical’s HATCO1. 101, Both are phthalate esters

a flash point of 4200F. The rf power supply will be part of a b!d

package going to commercial vendors. The type of oil used in those

components is not known but will be required to have a flash point

greater than 293°F no oil will contain any PCBS All indoor areas

housing large, oil-filled components will be covered by the fire

sprinkler system.

LdserQe Solvent—-—. . —..——-...—.-

The laser used III the Ho beam sensing system wI1l

probably employ a dye di~solved In an ds yet unspeciflcd organ’c

solvent, The volume of the so

gallons and wII1 be cmtained

laser area is coveIP(i by the f

vent Is expected to be less than three

n a sealed, recirculating system The

re Sprltlhlei system,

with

Cables—- ...

Thele will be d l~lqe ll~lmt)elof elastomer-co~ered cable~

thro[~ghout the f~rility. [n~l~l~lrun7will be In cf>nduit tl’dy5 dnd

trenches The ~re~~s h,~vlr~gc,lble !’[l!]$wlil I)Pcovr?red by the fire

\prinkler $y$tem,

Al\l),ll1(1



Fire Protection

The new addition, the accelerator vault and the west low

bay area beneath the new drop ceiling will comprise six zones to be added

to the existing sprinkler system. The fire protection contractor will be

responsible for performing hydraulic calculations and producing drawings

that meet the provisions of NFPA 13.

The accelerator vault zone will be protected by a dry

pipe sprinkler system. The other additional zones will be protected by

an ordinary hazard, Class II, wet pipe sprinkler system.

Firefighting for the site is provided by the Los Alamos

Fire Department. Under ideal conditions fire apparatus and ambulances

from the nearest fire station can reach the site i~ five minutes.

Heather, road conditions and traffic m?y

companies and a rescue truck wi 11 respond

9. Expiosion

The possibility of explos

ncrease that time, Two fire

to an alarm.

on during cryopump regeneration

exists. Only a small fraction of hydrogen used fed to the Injector is

converted to H- particles. The remainder expands into the vacuum

envelope and is taken out by cryopumps, Oxygen also condenses in the

cryopumps. It Is conceivable that during pump regeneration an explosive

hydrogen-oxygen mixture could be produced, The prevention of such an

explosion is to eliminate any ignition sources, for example ionization

vacuum gauges, before regeneration begins.

B, Hazardous Operations and Energy Sources.—

Ionizing Radiation Hazards1! _ .—.— ...__

The hazards arising from operations are similar from the

start of initial testing through rout~ne operation of the facility. They

are prlmarlly the haz~ ds of exposure to ionizing radiation and electr!c

shock. tihen the beam Is on, stray parts of the beam can strike the

accelerator structure and result in Ionizing rad!atlon, The accelerator

vault Is an exclusion area when the beam is on.

A second Ionizing radiation hazard !s the beam stops.

All the beam energy is dissipated in one or the other of the beam stops

and they becorrw activated. Normally they requite no attention,

M~lntenance can be performed remotely when required,



Maintenance and adjustment of accelerator components will

be possible after a sufficient radiation decay period.

GTA-1 operations will be under the direct and continuous

surveillance of group HSE-11, Acceler~tor Health Protection.

2. Electric Shock Hazards

Accelerator operation req~ires the functioning of several

high voltage power supplies. Approximate power supply voltages are

llsted below.

Injector 100 kV

RF Power 110 kV

Laser System 10 kV

Access to all uninsulated high voltage components is

interlocked so that power to the components is turned off If the

interlock Is violated, Maintenance of high voltage systems Is by trained

personnel and in accordance with written and approved SOPS

3. Energy Sources—.

The energy sources associated with GTA-1 are discussed

below.

Accelerated Particle Beam— ...— ....—-.-—.—..

“(he energy source in the facillty most llkely to be

hazardous or to cause damage is the accelerated beam. It has an ave]”age

power of 5.0 kW ~nd a peak power of 5.0 MN. Under normal conditions some

of the accelerated particles str!ke structures and shleldlng and generate

the Ionlzlng radlatlon described elsewhere !n this analysis, Possible

malfunctloris of the accelerator system could result In the full beam’s

striking vacuum walls or other structures and damaging or destroying

them. The accident would also g~nt~r,lteionizing radiation at an

unexpected point.

Ndtul”d——..—.-
Natura

satisfy the provision:,

(;a 5-----

Gas is ued only for space heating. Gas furnaces

of NFPA N[j,54, Natloniil Fuel Gas Code,

Al)l},ll1)



1“l#rII !::.l; PL?.?C:”— ..

fhil ~t” Uourr sy~tem 1s the largest user of ●lectrical

power. The it?st,?l lea P:OL:; i[al WPPIY to the facility Is approximately
10HHat 13.? k’d,

Wgqni; py SO_lvgIt

!he b~.lm ~cn;inq laser system may employ ● dye laser.

Dye wIII be d!$%~lvwl ~n ,tn organ!: llquld. possibly ethanol. The volum

of the solvent will IW lr~s tht~n three gallons.

D!cluctrl~.Ojl— ..
n!P:ittilll: oll will be Contained In manyof tha high

voltage c~ponenY\ I I,IL,II p~!,lts will range Frnm 293-F to 425-F.

Quan:ltles will II{J[ !IP kntm unt 11 canpletlon of rf pwer system design.

The six amduldtor taii~.: WI I I hdvs a c~blned volu- of approximately

8,000 gallons

Rnt!l~l Hq. ~gl!lJIWot.

The Iargeqt pieces of rotating equl~nt ar~ e~ventlonal

HVAC items.

C. N~mbvr% (JF imployee% Exposed to Hazards. .. .- .
1. AI. j.umo(! It I + s

[b illtmhpi c,f employees e~poscd to the various hazards

depends 1111w’v IVI lhI~ ~riivily In prqress. There uI1l bo a ■lnlmum

accelerator ~wriltlnq riw plus those persons Involwd with tho tast at

hand. Adrlit!mhil PVIqIlO Are required to perform axperlmits with the

magnetic oplic’m, Illi’ lll”ull.illzer 01 the beam sensing system, Tha max!mm

number of ~mplc~yw”, 111,1’ Iniqht be expected to be presmt during oporatlon

is an accel~i dhv I Iwh III 4 plus 6 persons for a p~rt!CUlar c~n.nt

test.
.1,. lmp[ir,l~d N!sk. .. —.

lhvllI m!qht htl 20 employees with!n a radius of 100 feet

nf tITA-1 wh~ mlqlll IJII rwpnwd 10 ionlzlng radlatlon during a ground

release of ,Ir.tlvlllpd ,IiI , Ih& d~se is estimated to be 8 mrom.

D, [)ff’,11(~ I!,II!I*I II’,

ltu! IIIIIV ~111..ilo ((ln[crn IS that of publlc e~posure to

ii!rbrwn~ radl~l,i~ll~’11.+ ~lim i~thdu%flng accelerator vault air. That

concern l’, 1111, 1111.IIII! III “.PI IIIIIICI 11. A, 2. and IV, C. 1,



III. Safety Systems

A. Engineered Safety Systems

1. Radi~tion Personnel Safety System

The radiation personnel safety system primarily controls

access to the accelerator vault. Ther-e are three features of the system:

1) scram buttons located in the accelerator vault on the east wall, west

wall, center section and H“ beam stop, 2) a sweep sequence of the vault

area prior to startup, and 3) a kirk-key system for controlling access to

the vault.

Pushing a scram but~on immediately shuts down the

accelerator. The button remains in Its Scrdmmed state and restart

requires that the sweep sequence be performed.

The sweep system has push buttons installed on the east,

west, north and south walls of the accelerator vault. Each button must

be activated during the search for persons in the vault. After the four

push buttons have been activated, push buttons at each of the three

entrance doors are activated. Following activation of the third push

button the sweep person has 20 seconds to leav? the vault by any door.

He must leave in 20 seconds or opening a door will disable the system.

He has the master kirk-key which permits startup,

Nhen all scram buttons and sweep push buttons are

properly configured and the key returned to the control room, the machine

may be started. The first action in the startup is 60 second sounding of

the alarm horn. Following the horn sounding, high voltage may be turned

on and the accelerator subsystems energized.

To enter the vault after running, the master kirk-key is

removed from the console (which would shutdown the accelerator if it were

running), The master key can be inserted in a transfer box which traps

the master and releases keys to door-s. The reverse must happen to

release the master key for Inserting in the startup circuit lock,

Ali vault doors hav~ crash hardwa:e on the vault side and

cannot be locked preventing exit from the vault,

2, A~lerator Vault Access——. —....
The accelerator vault and beam stop areas will be closed

to all personnel during beam-on, Pecie~trian traffic during beam-off

App.11-19



operation will be through shield block labyrinths with kirk-key

interlocked doors from the accelerator vault. A sweep of the accelerator

vault will be made prior to enabling accelerator startup.

3. Radiation Monitoring

The stack exhaust will be mon

accelerator vault and occupied areas adjacent

monitored as operations dictate. The monitor

be done using 50 liter Kanne ion chambers and

tored continuously and the

to the vault will be

ng for radioactive air wil”

appropriate electrometer

units. These units will have local readouts and remote readouts at the

console in the control room.

Neutrons in occupied areas will be monitored with Albatross IV

pulsed neutron monitors which, again, will have local and remote readout

capabilities.

Gamma radiation in selected locations (e.g., the contaminated

water room) will be monitored with in place detectors having remote

readout capabilities. This monitoring will be supplemented by the use of

hand held portable instrument surveys. Figure III-1 shows location of

radiation monitors.

4. Beam SPI1l Monitoring

Beam spill (the beam striking any accelerator components)

can result in severe damage to a component in a very short time. Beam

spill Is detected by radiation, vacuum and beam position monitors and,

depending on the indication from a monitor, the beam will be positioned

properly or shut off. A monitor trip alerts control room personnel.

Control Is fast enough to shut off the beam for a fraction of a pulse and

turn it on for the next

Since no personnel are

system is primarily for

5. High Vo

pulse, GTA-1 has some 15 independent monitors.

n the vault when the beam is on, this monitori’lg

the protection of equipment.

tage Interlocks

The high voltage power supplies of the injector and rf

system are enclosed and the access doors interlocked. The supplies

cannot be energized when access doors are opened and, after energlzlng,

opening a door deenergizes and dumps the stored energy from the capacitor

tanks. Surveillance cf the condlt!on of access door Interlocks IS

maintained In the control room. The interlocks are part of the run

permit system.

App,n-20
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6. RF Personnel Safety System

The rf personnel safety system is an emergency shutdown

system. It con~ists of a push button station near the

power supply that deenergizes the rf power system..

7, Scram ~ySLt?m

Scram buttons are i~lstalled at appropr’

the facility. Pushing a button immediately shuts down

sounds an alarm in the control room. The system is pr’

rf high voltage

ate locations in

the machine and

marily a safety

feat~re for a person accidentally remaining in the accelerator vault when

the accelerator is started tip.

8. Ventilation; S&tern—
The ventilation <ystem for the accelerator vault is

turned off during operations so that no radioactive air is discharged to

the atmosphere during acceler~tor operation. The air remains stagnant

unless personnel entry is requ

and continued until personnel

after radiation levels are mon

permissible entry level.

red, i? w$ich case air exhausting is begun

cave the area. Access is permitted only

tored antidetermined to be at a

In the event of a fire, exhaust fans are turned on

automatically to clear smoke as an aid to fire fighters.

8. ~mergency Power

If the electrical power system fails, the following

systems will have emergency power and will remain operative.

1. Radiation monitors

2. Telephone

3. Building power emergency shutdown

4. Mechanical equipment control console

5. Selected computer data equipment

Safety inter-locks fall-safe when power is interrupted.

B. Management or Administration Controls

Film Bad=—..—

All personnel working in the facility are included in the

Laboratory’s dosimetry program. Visitors to the facillty will be Issued

dosirneters if they enter radiation areas.

A;>p.H-22



Crane Inspection

The accelerator vault crane and

lifting hardware will be marketed to show

accordance with ANSI and DOE requirements.

c. Safety-Related Documentation

Environmental Assessment

assoc ated slings and other

oad 1 mit and be inspected ill

Environmental Assessment, DOE EA-304, was prepared for GTA-1

and GTA-2. The document was approved by ALO, April 1986.

Radiation and Shie”ldinq Calculations

Documents concerned with radiation and shielding calculat

are listed below. Copies of those memos constitute the Appendix.

1. Letter, R. J. Morford to Theodore R. Cole, Subject: I

Linac Air Activation, date received April 12, 1995

on

TSU,

2. Memorandum, Jean Dewart and Tom Buhl to Colleen Olinger,

Subject: Routine Releases from the Accelerator Test Stand Upgrade, dated

July 25, 1985

3. Letter, R. J. Morford to Theodore R. Cole, Subject: ATSU,

Haveguide Penetration, dated January 20, 1986.

4. Letter, R. J. Morford to Theodore R. Cole, Subject: GTA-1

Bulk Shielding, dated Jan~ary 27, 1986.

5. Letter, R. J. Morford to Theodore R. Cole, Lubject:

GTA-1, Coa~ial Penetrations, dated March 10, 1!386.

Standard Operating Procedures (SO~$~

The Laboratory requires that all potentially hazardous,

routine operations be covered by SOPS. GTA-I SOPS are generated by the

technical personnel involved and approved by the AT-Division Leader and

by appropriate AT Division Group Leaders. They are reviewed by

HSE-Divlslon and ENG Divisions who recommend any changes believed

necessary. Line organization leaders are directly responsible for safety

and health.

Special Hork Permits

Nonroutine work in hazardous areas or with hazardous materials

is done in accordance with special work permits that are approved In

advance of the work by HSE and ENG AT Divisions as required,



Experimental Test Plans

Experimental test objectives and procedures are contained in

experimental test plans. Such plans are used primarily for programmatic

objectives but safety and health considerations are included.

IV. Safety Systems Failures

A. Materials at Risk and Enerqy Sources

Accelerator Structure

The accelerator structure is at risk if the accelerated

particle beam wanders from its proper path. The beam is sufficiently

powerful to melt t~,evacuum envelope or other structures if it strikes

them and beam-monitoring safety devices do not shutdown the sy!,tem.

Portions of the Building

In the event of dielectric oil fire a substantial portion of

the building could be severely d~maged if the water sprinkler system were

inoperative or ineffective. The probability that more than one of the

1400 gallon oil-filled modulator tanks would be involved In a fire is

slight.

B. Credible Challenges to Safetv Systems
1!. Normal Conditions

SiifeWorkinq Conditions

The hazards that must be controlled under normai

operating conditions are ion!zing radiation, high voltage, and laser

radiation.

Control of Radioactive Materla! Release

To control the release of radioactive mdterlals to the

environment activated air in the accelerator vault is stagnant during

operation. It is normally exhausteci to atmosphere immediately following

operations each day.

2. Abnormal Conditions

The hazards th~t must be controlled as a result of

credible accidents are the same as for normal operating conditions plus

the hazards associated with a dielectric oil spill. The most severe

credible accident In the facil!ty is an o!l fire,



c. L!2!EEwenceof Fail~~res of safety systems
1. Normal Conditions

Accelerator Vault Access Interlock

Failure of the accelerator vault interlock would permit

an individual to enter the vault during beam-on operations. Radiation

levels at some locations in the vault might be as high as rlhr.

Not only must the door Interlock malfunction, the flashing warning light

must be off.

Radiation Monitoring

Failure of one or more of the radiation monitoring

systems could result in an individual receiving a low radiation dose.

Radiation monitors are located in areas in which radiation levels are

normally well below those permissible. Some other circumstance is

necessary for levels in monitored areas to be higher than permissible

Bpam Spill Monitor!g

Fa!lure of one of the fifteen beam spill monitors WiII

not disable beam spill control, Failure of all beam spill monitors could

result in the beam’s melting the vacuum envelope and close In accelerator

structure.

High Voltage Interlocks

Failure of a high voltage interlock could result exposure

of personnel to lethal high voltage only if the DOP requtred use of

grounding were not followed,

Scram System

Failure of the scram or alarm system at a time when a

person was in the accelerator vault and the accelerator beam was brought

up could result in a high radiation dose to that person. For this

accident to happen, the person involved would have to remain in the area

even though the horn had sounded, Exit from the area is always possible

and shuts down the accelerator.

~entilation System

If the ventilation system should be turned on during

beam-on operations, act!vated air products could be exhausted from the

stack with llttle decay time. Assuming the malfunction went undetected

for a full operating period, the dose to a member of the public would be

increased by approximately ,09 mrem.



Water Sprinkler System

The water sprinkler system is required to be in service

under normal conditions.

2. Abnormal Conditions

Accelerator Vault Access Interlocks

There are no abnormal conditions that would increase the

hazard of accelerator vault access interlock failure over that described

under normal conditions.

Radiation Monitors

For the failure of radlatlon monitors to be hazardous the

failure would have to accompany some other failure. Monitors outside the

accelerator vault are in a low level radiation field and their failure

would not result in an appreciable dose to anycme unless the vault block

seals leaked at the same time when vault pressure was higher than outside

pressure and the vault air was radioactive.

Failure of air sarnpllng in the vault might ind!cate that

entrance was permitted, but no one is permftted to enter until the

radiation level within Is independently measured by a HSE-11 monitor.

Failure of the qamma monitor In the contaminated water

equipment room would result In no hazard unless the SOP requiring an

independent HSE-11 survey were disregarded,

&am Spill $lonitorin~

There are no abnormal condlt!ons that,could increase the

hazard of bedm spill monitoring failure over that described for normal

oper~ting conditions.

H_lqhVoltage Interlocks

If a high voltage interlock failed and an indiv~dual

‘al!ed to use groundlnq hooks as speclfled by the $@p, a severe

electrical shock could occur.

Scrdm ~stem-— .—

The m~fl~~illy-operat~c~scram system 1s provided primarily

for use by personnel who might be in the accelerator vault when the

beam--onoperations begin, The system also permits manual shutdown of

oper~t!ons ff~rany reason and supplemer~ts automatic shutdown systemsi No

abnormal cond!t!~n has been postulated thht the loss of this supplement~l

thlltdowflcdpahl Iltv Increase? the hazard over that descrlt)ed for normdl

c)p[?l dtloll’, >



Ventilation System

In the event of a fire in the fac!l~ty, the ventilation

system automatically exhausts smoke from a ventilation zone. Failure of

the system to perform that function would make firefighting much more

difficult.

Fire Sprinkler System—

Failure of the fire sprinkler system when a facility fire

has started could permit spread of the fire and, If there were no fire

department response, could result in complete loss ~f the facll~ty.

D. Interactions with Nearby Faclllties

1. Normal Conditions

There is no InteractIon with nearby facilities during

normal conditions.

2. Abnormal Conditions

Ground Release of Activated Air

The ground rel~ase of activated air could result in an 8

mrem radiation dose to an individual who was 100 m dowf”.wind.

Helease of Activated Cooling bJater

Accidentally released slightly activated coollng water

could drain outside the facility and put nearby personnel at risk to

radioactive contamination, The radiation dose would almost certainly be

less than thdt permitted by

E, Potentiai for Program Interruption

The most serious credible accident is that of a major fire in

the facility. ‘;ucha fire would be critical and delay GTA-1 development

by one year which, in turn, would delay completion of GTA-2 which uses

GTA-1 as a front end The ISE-1 flight experiment is contingent on

maintaining the GTA schedules+ The partial loss of the GTA-1 facility

would have a serious impact on the Laboratory’s, and the nation’s neutral

particle beam program,

F, Estimate of offsite Consequence.:.—
1, Normal Operations..—

The only offsite consequences from normal operation~ is

the conceivable exposure of the public 1000 m from the facility to

App, ll.Y.7



airborne radiation from the routine venting radioactive isotopes from the

accelerator vault. The calculated dose is .03 mrem per year.

2, Abnormal Conditions

An accidental unscheduled release of airborne radioactive

isotopes could result In a one-time dose to the publlc at 1000 m of .08

mrem.
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GTA ION INJECTOR CONCEPTUAL DESIGNREVIEN COMMENTS AND ANSNERS

1. What are the drawing numbers for the injector and how can copies be
obtained?

The drawing tree for the injector is nearly ready for release. The
drawing number for the drawing tree is l12y-253145. It wlli be placed
under configuration control following the preliminary design review.

At the pre$ent time several of the drawings have been released for
fabrication. A number of the drawings in the injertcr package show a
great deal of detail; however, most of those drawings are considered to
be In the conceptual stage. Drawings In the conceptual stage can be
released but must be clearly marked “Conceptual Design Only Not For
Fabrication, ” Requests for conceptual-stage drawings should be made
through H. Relchelt in the GTA Program Office. He need to develop the
details for an orderly process for getting drawings to those who need
them

Dome Biasing

Considerable discussion ensued during the Design Review and was
centered on the method for developing the 100-kV acceleration voltage for
the beam. For an H- ion injector, the ion source must be biased a
total of 100 kV below the electrical potential of the rest of the
accelerator in order to bring the ions up to the correct velocity for
injection into the RFQ, This bias voltage is termed the “Dome Voltage. ”

The following four questions are grouped into a single question
because the response is the result of a tradeoff sttidy.

2, Why pulse the dome voltage? Is pulsing unnecessarily complex? Does
pulsing by itself yield a low duty factor? 14hat are the tradeoffs in
reliability from pulsing?

There are three general methods for supplying the 100 kV necessary
for acceleration of the beam,

First, a capacitor can be continuously charged with a smdll current
capacity power supply, and the source can be pulsed to the desired
voltage by a series regulator tube that supplies the required constant
voltage at the required time. ln this mode there is no droop of the
voltage until the capaci tator is bled below the r@gUl~ted voltage or the
duty cycle becomes toogreat for the power supply to maintain the charge
on the capacltator.

Second, the same technique may be applied as in first case but the
100 kV is applied to tne electrode dt all times. Current would be drawr
from the capaci tator only when the ion beam was being extracted or when
some other emission source was present,

Al)ll. I-;’



Third, a well-requlated power supply with enough current capacity to
continuously supply the required beam and loss current (500 mA at 100 kV)
would be provided.

There is little difference between the first and second methods. The
puls(
6EAR
AT-2
that
resu
been
with

regulation techniques have been used on ATS and are planned for the
system. We, in collaboration with P. Allison and R. Stevens of
have made some modifications to the currently implemented system<
result in some decrease in the existing complexity and that rhould
t in a small improvement in operation. The equipment, whic!l has
ordered, will allow operation to a maximum duty factor of nearly 17.
the addition of (at most) an extra cap~ci tator althouqh we are

rating the system at 0.1% df.

Pulsed modulation of the dome voltage is important from the
standpoint of system reliability. The probability of a breakdown is
proportional to the time that the system is lndi[l!dilled at high voltdge.
The probability of breakdown or unwanted electron emission is enhanced
with the cesiated ion sources due to the plesence of cesium on the
various surfaces (insulators and electrodes) of the injector, which will
build up as the result of operation.

In the second case the series regulator tube is not turned on and
off, but the same complexity of regulation would be required to maintain
the voltage constant as the beam developed at extraction time. This case
has the disadvantage that since voltage is applied at all times, the
probability of arc-over would be greater than In the first case. The
electron current being drawn during the beam-off period would require
that the reserve capacity of the power supply be larger if the system was
to be operated ne~r- the duty cycle limits, There would only be minor
differences in the de$ign of the first and second types of systems.

[he third method, while concept(fdlly simple, is the most difficult in
terms of obtaifling ~ power’ source with the req[]ired level of regulation,
and it does riot lend itself to the requirements of the ISE missions.
Such a supply would be at le~st an order of magnitude larger in both
weig.lt and volume and wouid r-epresent a larger currerlt drdin on the
system. In addition, this system would b~ subject to time enharlcement of
the probability of bre~kdown.

ActIon Items tlice Complete )egulatot. desigf~ lU preliminary design——.— ......—
point and release drdwings.

3. Pulsing the dome may add considerable EMI especi,llly in the
displacement current to chdrge the dome.

The present desigrlof the dome wili h,lv~d Cdpacltdnce of dbOUt ‘)~~
pF as compared to the capacitance of the i’+ol,{tiorltransformer of dbo[jt
pf”, Iher$ewill be $ome r~d!~tr?d t?n(?tqy troll the system, Contlol of the

radlatiorl t]ypI!Op(?I+ shieldlng And C[lt[’filldf~’ilgnof tilesy’;tem wili bc
necessary. $inql(} polfll qlo(ltl(ilflyof th(! entlle lrl,J(?ctorprlckdge wi II be
necessary slrlce tl)t~qtoufld po((~tlli,]I WI iI be driven t)y th[’ If f’tom th(’
lest of ih(’ jy~tc’m, ~~~motv I(J(AII(jtlof 111P dome eiect~onic’; pi+(:k,~(][~wi II
llldk~Collll)(lt(?I i’(>lltl“oi, G’$pu(:ltlllyCIlllollt(lt!(:Cofltloi”, IIedl’ly ilnpo’):ilhl(”

At,,, I J



4. Pulsing of the accelerator column adds weigh, heat to the dome, and
avoids the HV question at higher duty factors.

As was described in the answer to the question about the technique of
generating the high voltage, there is little weight difference between
the series regulated pulsed and series regulated ~
full capacity dc supply, on the other hand, would
possibly nearly two orders of magnitude more than
supply and occupy several times the volume.

The present plan is to locate the 100 kV supp
so that it would generate little or no heating of

ontinuous supplles. A
weigh at least one and
a series regulated

y outside of the dome
the dome,

The pulsed series regulation technique doe, not avoid the issue of
larger duty factors, By parallel operation of existing off-the-shelf
power supplies, increasing the stordge capacitance, and using a
regulat
reached

5. Wou

The
conditi~

on tube tiith a larger current idting, the 57.duty factor can be

d anything be gained by makir~g the dome voltage pulse wider?

width or the dome voltage pulse is determined by tne operating
ns of the source necessary to achieve the required output. The

entire source could be run at a longer pulse length at the cos~ of a
reduced lifetime of the source and, consequently, a lower reliability of
the system. The object is to run the source and the Injector for as
short a time as possible, consistent with meeting the required ion
output. The optimum pulse lengths must be determined experimentally,
dlthough the experience gained from operation of the BEAR injector will
serve ~s ,1useful guide,

6, It mdy be difficult to obtain voltage regulation of 0.1%, Is this
degree of voltage regulation necessary’?

We feel that 0,1% regulation of the acceleration, extractor, and
f’ecu{;voltages is achievable, The GTA requirements dcrcument (in its
v~tiou~ implementations) has listed O.1% regulation as the design goal
for some time. The issue was raised as to whether th~t degree of voltage
control in the injector is necessary for good operat!on of the rest of
the system, I will have to defer to the beam dyn~mics people for the
answer to that question.

1, Wh~t will the physical size and access of the dome be?

The dlmen:,lon$ of the dome are now In the eally stages of
definition. lhe lnlt,lalconceptual sketch of the dome, which is based
on the known ,]ndestimated needs of I&C, power cindd!aqrro$tics, leads to
(Idome with dimensions of /’ x )’ x 5’ !nciud!ng the grounded protective
Cr-)ver, [his $ize, while ‘;111,111hy the ll{l$tdOllled~$lgn PXpel”ietlCP, is tOo
l(Itye fl~m the standpoint of d fliqht unit. A consider,~trlereduction of
the volutnp of the compotlellt~”would be po$sible If all of the lnterndl
~)1(}(:tlorlt(:C+pt\[:k({qetiwere lede;iqned with p~ck~g!ng AS ~ mAjoI deriign
(ol}’,tl ’c{illt ltl(? GTA dolll(? 11111$(” (:olltditl $01116! ~~)~,c(? fr)t’ d(j(jitiondi

(Ilfi(]fll)st i(: [?quiplllt’flt , Wtli[:h 1$ not flow Onvlsiolled> ltl~? (jesigl~ for the

d(9111(? 1’, IIOW Illl(j(!l (l(_lt. lVe (:(>llf; i(jl!l’(lt![)tl ,\ll(j it Will [?Vt)lVE? l’,lp~dly ill the

Iloxt few w(!L?k.’; ,



8. Hhat Is the fiutter for in the H2 valve

The H2 valve is a plezoelectric valve that normally operates in a
full openlfull closed cond!tion (although a small degree of analog

operation is available). It is felt that operation of the valve in a

pulse modulated ~de will offer the greatest degree of noise inxnunlty and
pressure control, This valve (and its controller) has been under
development for several months and is now ready for testing with a source.

9. There was no mention of the concept of delivery of xenon into the
LEt3T.

Xenon will be delivered to the LEBT by means of a regulator and flow
colltiol valve.. Determination of the flow rates and entry point into the

LEBT of the xenon are experiments that need to be ccnducted.

l!),Nhdt ~re the pressures In the various parts of the injectors?

Several different pressures wer~ discu$~ed in the criteria document.
The document will be upgraded In an dtt?ml]t to reduce the ambiguity. The
following pre~sures and/or partial pre~~ure~ are standard in the ATS
injector:

Arc Pressure 2-3 torr Hydrogen
See below* Ceslum

●lhtY ce~ium partial nressure is adjusted by control of the oven

temp~r,ltur~ ~IMI ,irc parameters so that about 314 of a monolayer of ceslum

I.e’,i(je’, on the ~1.c electrode su;faces in the region of the arc.

11111pr~5sllre SE-7 torr ultlmate with no
residual gases supplied,

SE-6 part!al pressure of
hydrogen background

5E-5 partial pressure xenon
nece~sdry to achieve
neutral lzat!on. The part!al
pressure of xenon Is cr!tlcdl,

11, Several dlffer[!nt shutdown tlme~ dnd rl$e t!mes of the Jystem are
quol[!ri In I he (:)’ I I [!rid Document. Hhlch of thpse It corlect?

II1OIO ,IIU I;(!v(!I,IInumbers thdt may he q[mted for rlsc ,lnd f,~ll tlmc~
I)f tllv :;yst(?lll,‘;IMIIVp,lr,~metcrs wIII halve to bo dctcrmlned expcrlmentfllly,

liylll”()(JPll pll!’,’,lll”p ri’; e in At-c reqlm

1{ I ‘; II 1 xp[!l” lment,l I (Ioturm! n,lt 1011 ( ID)

I, Ill 1.1)

AI( ilWl)lll,l!ll10‘,1,111111,’,111011 III

Allll.1.!)



Extractor Voltage

Rise
Fall
Crowbar

4.7 p sec
23.3 p sec
7.5 P see”

Dome Voltage

1?.

Rise
Fall
Crowbar

Output beam

Questions as to the

114 p sec
1700 p sec
150 p see’
can be reduced by factor of 10

- 10 microsec neutralization buildup
load dependent eXtT”aCtOr fall time

survival of electronics in the dome,

Equipment must be located in the dome. Since it must be located
there, sufficient shielding must be provided to yield a acceptable
lifetime for the equipment. Locating equipment on long booms to try to
give distance shielding to the equipment Is not viable since first, on
ISE, the long protuberances would be mechanically unstable and would be a
hindrance in maneuvering the entire package. Moreo~er, the long leads
wculd provide additional capacitance, would have to be charged, and would
le~d to additional electrical shielding problems.

13, concern was registered about the radiation levels that will be
encountered in the injector vicinity and the effect on the llfetime of
the electronics,

14. What will be the radiation environment at the electronics package?

The latest calculations :hJw that, w!th the ~xperiments under
consideration in the beam sens!ng region, the significant gamma and
neutron fluences will be present. The latest calculations are by T,
Stratton, Neutron damage will be the first effect noted, That damage
will begin to occur between 12 and 120 weeks of operation, C!etalled
considerations of the tradeoffs between limited lifetime design and
remote location of the equipment will be made as the design of the system
evolves, LOCdt!On of the electronics equipment within the vault at. the
injector ;hould not present a major problem to the operation of GTA-1,

The is’;ueof operational safety was raised through a couple of
comment~, I feel that a careful distinction between the form ~nd
function of ~afety controls should be made and that the question of
safety includes both peopie and machine Issues,

15. There sholjldbe administrative control and not computer control,

The functlonin~~ of adminl’itlat,ivecontlol is dependant on the
oper’dtor (,ltjtllit]ist~”atol’)having inforrrldtiondvdilable, [n GTA control
design, most of the machine operdting and condition parameters are stored
in the computer.

AI) I). I -f,



16. Personnel safety cannot reside in the computer.

The ultimate responsibility for personnel safety will have to reside
with the machine operator. However, the operator can only assume this
responsibility if the operator has the condition of the machine
available, and much of that information is provided by the computer. The
question of safety goes beyond the issue of personnel safety and includes

the safety of the machine. This includes orderly shutdown and normal

operation of the machine. Since the system i< proposed as an automatic

machine under computer operation, the question of machine safety resides
to some extent in the computer.

17, Crowbar or injector shutdown. 1s 10 microsec short enough to prevent
damage?

As in the case of beam start up, several times are quoted for
shutdown. It is expected that the extractor circuit will shut down in
about 10 microsec under normal oper-sting conditions. [f an arc-over is
detected in the column or dome, the power supply capacitors can be
shorted in about 100 ns, In any event, only about 10 J of energy will be
available to produce damage,

18. 14hat is the focus electrode function? Is it a form of beam steering?

In its traditional form at ATS, Whdt is now called the focus
electrode was intended as an electron suppression electrode. By
experimentation it was found to act primarily to change the focal
position of the beam, hence the name change, It will provide little or
no beam steering function,

LEBT Design——

19, Will there be ~ contt-ol system to po<it!on of the LEBT magnets?

Yes , The details of the positioning system and the extent of the
controls dre now under discussion,

20, Is Consideration being made as tc the mechanical stability of the
quads during launch conditions,

The mechanical stability of the quads is a concern that is being
addressed, Since the quads are !ntended to he movable, the magnetic
forces between the quads are of as much, or mfjre, concern than the
possible launch loads. When we hdVe successfully ~olved the ploblem of
magnetic lnteractiv~ forces between the individud! quads, the que$tion of
launch loads will ~lso be solved.

21, What is the requ
energy position,

“Thestrength of

elsewhele throughout

red stiength of the luad $inglet in the ?5 kll t)eam

All!).I -/



22. Could solenoids be used in the LEBT?

Solenoids have been considered in the ATS design and were considered
for the GTA design. Using solenoids has two major drawbacks: first,
solenoids provide far more chromatic aberration and hence, emittance
growth than pm quacirupoles; second, the current dra~n for a solenoid
would begin to become prohibitive for ISE in terms of power requirements.

Beam Interactions

23. Does rf cavity filling occIJr with a changing beam and what are the
rise times of the- be~m.

The output beam rise time of the injEctor wil
to 10 microsec as determined by the time required
degree of neutralization in the injector. The on
achieving a shorter rise time would be to provide
mechanism at the output of the injector at the pr
increase of tile emittance of the beam.

be in the range of I
to reach an effective
y practical means of
a beam deflection
ce of a drastic

24. Will the restriction of the injector cur;ent by use of a limiting
aperture in the LE9T increase the difficulty of coupling to the RFQ?

The inclusion of a limiting aperture near tl,eoutput of the LEBT will
probably decrease the emittance of the beam to some extent. The
perturbations of the emittance by this methods would be less than the
perturb~tlcns that would result from other techniques such as varying
slit size, extraction potential, etc The only other means of reducing
deposited energy without introducing other major perturbations would be
tO shorter) the pulse length and that may not be possible beyond the
limiting time necessary for achieving neutral tzatlon in the LEBT. In
short, there is no “good” means of changtng the output current of the
itljector. The experience from ATS Is that a limiting aperture after the
last LEBT quadruple is probably the “best” means of controlling the
output beam current. The effects of employing this method of beam
current control will be determined experimentally.

25. Concern was expressed about the sensltlv!ty of the beam optics to
variation of hewn current fluctuations and the variation of the beam
current for alignment and full power,

The present plan is to limlt the current to 20% of maximum during
allgnment by placing an aperture at the output of the LEBT after the last
quadruple, This wI1l make a small change In the neutralization and
hence, some change In focus; however, it is felt thdt the changes can be
compensated for by moving the pm quddrupole!i, Since the restrlct!on of
beam current is being made after the last focusing eiements, the beam
optics will not be otherwise affected

The present source at ATS producet current variations of around 5%
(1OW 2%, high 10%) with a power spectrum extending up to 50 kHz, The
effect of the emlttance growth at constant neutralization due to current
fluctuations will be examined. An attempt to control the beam focus and
emlttance growth by an active focus element wIII be considered; however,
I am certain that such an approach may produce a study thi~t is not wlthln
the time constrdlnts of GTA-1,



26. Has feedback cut-rent regulation of the beam current been considered?

To my knowledge it has not been tried. The problem is that the no!se
in the outtrut current 1s primarily due to Plasma oscillations in the arc
source. There are no external pa~ameters at present that will ailow
control of this noise. If there are good suggestions for experiments
this area, they w1ll certainly be tried.

27. Is the quoted Power requirement for the arc correct?

The power required during arc start up may be around 600 volts at
amps and, during running, about 100 volts at 100 amps are in the range

n

00
of

the voltages and currents that have been used In the past. The point Is
that durinq the start up period, the question is of bringing the
temperature up to the operdt!ng range so that the percentage of the
surface dred of the arc electrodes is covered wllh cesium. Depending on
the flow rdtes of hydrogen, the exit silt size, ~nd the extraction
voltage, it takes around 100 - 200 watts of time averdged power t(J
maintain the electrodes at the correct operatiny range for ~n AlS-type
source. lhe actual power (voltage and curr~’nt) rt’quirementt of the BEAR
design source will have to be experimefitdlly d~termin~ct. lhe e~rly
experiments with the BEAR source will be lnvalmble In bringlrrg the GTA
source Into operation.

2f), lliqltdl levels In the criteria document are listed as TTL pos!tive
true. It was recommended that this requirement be changed to the TTL
negdtivt? true,

I;l!dnqe noted dlld de$lgn Will tle towdrd this gOal,

“1, St,]n[~A)~ [:dm~c ii, 1~-blt d!(J!t!Zdt!C)ll.,.

IIl(?,lgntil Io’;l]lllt!or]prc~cnted illthe criteria document Is the
mlrlinmm r~’;ollllionlh~t we feel IS required for operation. A greater
rc~l)lllti{lll.whllc not neces;dry. Is ,Icc12ptalIl[1ef;pecldlly If ,t means
thdt I,ttIIldtIrddf-llw ~llelfcomponents calf; bl’used. The detd!ls of the
interf~’cu t.)ctweentho Injector and I%C ~rP now under ~ctlve n~gotlatlon,

30. Ihme Instrumcntdtlon temperat[lrus wet-r!rcuomrnended to be 20”C + 5°C
rdther than 30°C to 40°[:.

(:hange noted ~Hd des!gn w

.11. tilll the ven[!ldtlon prov

II be toward this goal,

ded be ddequ~l~.

vent ll,~tlon pr~lv (IP(I ft)r other purposl!% ‘iIlolll d-be Ll(h!qilli to,

App. 1-!1



32. How would the extractor heater be powered.

Since heating elements with a voltage holdoff of 25 kV will be
difficult to obtain, the element will be powered through an isolation
transformer.

33. Have beam position monitors been considered for use in the injector?

Several beam diagnostic techniques are under consideration although
Faradav CUDS and emittance scanners are the only ones discussed. The
intent”is to include
the time constraints
allowable time. Two
tailored to the requ
However, mcst of the
that do not exist in
monitors can be adap

as much diagnostic equipme~t as possible, subject to
of getting the system into operation in the
of the monitors built by Doug Gilpatrick will be
rements of the injector, and they will be tried.
existing BPM’s are designed to detect micropulses
the injector. It is not certain how well existing
ed to the “pulsed dc” beam in the inj~ctor.

34. Will provisions be made for changing the source canister in an inert
atmosphere!

Since cesium Is highly reactive and it will be trapped in a
controlled manner on the acceleration electrodes, a means of providing an
inert atmosphere must be provided dU1.ing source cartridge changeout. If
proper shutdown procedures are followed, there should be llttl( cesium
remaining in the canister after shutdown, Cesium hydroxide fcrmation on
the surfaces of the equipment after a period of operation, followed by
expos~l~e to the atmosphere, will be a hazard that wI1l have to be
considered; however, the hazald is on a par with working with other
strong b,~ses Ju(:h as sodium hydroxide.

35. Where will t)e gate valve that separates the injector from the RFQ be
locclt.(?d!

lh~ loc,llion of this valve tuns into competing requirements ,~nd it
has not i)eenexactly defined yet. [t wouid be desirable to locate the
beamline gdte v~lve at the wall of the RFQ so that all components of the
injector would be acce~sible, This position conflicts with the need to
place the output quadruple elements as close to the RF(Jmatch points as
possible (~+,shown by the beam c~lculations run by oona) and the desire
to make be~m diagnostic measul.ements (!n particular the enrlttance ~cans)
as Close to the match po!nt ds possible, The most probdble compromise
will he to place the gate valve immediately upstrec~m from the pro,je(:tlon
qudds t

Al)l).I-I(I



Comments and reccmwnendations from RFQ CDR.———— . —.—.—-— .———

The DTL may have to run at exactly 425 MHz; therefore, the RFQ

needs some dynamic tuning Cdpdbi]ity because it must run at

exactly the same frequency as the DTI..

The RFQ will have adequate dynamic tuning capability for operation

at 5% duty factor, through the use of variable cooldnt temperature.

Copper-plated steel vane tips are not recommended due to

difficulties experienced on the ATS R}Q with electrical arcing.

Solid copper vane tips should be used instead of copper plated,

The conceptual design showing copper pl~ted mild steel vanes has

been changed. The current design will use copper-clad steel vanes

that have 2 in, of high purity oxygen-free copper explosively

bonded to a steel base For thermal reasons, the skirt sections

will also be copper and clad steel,

A full scale cold model of h,]lf length is planned. Due to the

reldtion between length and tuning (tuning difficulty increases

with the square of length) shouldn’t a full length model be built?

The machining costs will be somewhat gre~ter for a full .lengt.h

model but the extr~ information is importdnt; ~ full length

cold-test model will be built,~s soon ds possible.

Why not make the vanes

Aluminum is not known

for proper operdt,ion o

and skirt sections out of dluminurn?

or long torn)~tdbility such ds it required

iJnRF()thdt hd$ ds smali dn apertur(? as

the current GIA Nf-tJphysic~ (I(!sign, IIICr(!quired vdne tip spacing

must. stay within t0,0004 in, of th[?tuned dim(~nsion ov~r the 102

in, length of the vanes, durir]q th(?operational life of the

machine, Since our de${gn t,ettmhat Iitt.l(!expt?rlt?nrt!with

(Iesiynlnq dluminum structur(!sl W(’hdv(?(?I(!ct.t?d to u\e stt?t?ld~, t,h(!

sub$t ~dt.t?,

Apl]. I-I]



5)

6)

/)

lhe rf drive loop assembly should be coated internally with

titanium nitride to reduce the possibility of multipactoring.

Titanium nitriding of drive loops is conwnon practice and will be

specified on the fabrication specs for the GTA RF-Qdrive loops.

The ATS RFQ also uses the

difficulty with breaking ‘

fabrication. How will th

Ihe GTA RFQ will require

gun drilled cooling passages and had

hrough the t~nk wall during

s be prevented?

/2-in. holes drilled lengthwise for

cooling. The holes will be drilled in the machining blanks before

any other work is done, and if necessary, smiilladjustments can be

made to center the finished p~rt around the holes. Reputable gun

drilling shops routinely drill twice as deep as required here In

sizes larger than 3/8 in, and will usually guarantee dr

of no more than 0.001 in. per inch depth.

The RFQ design shows two I-S/E-in. rf drive loops posit

opposite quadrants. The power required is about 270 kW

is this too much power for such a small coaxi~l line?

11 drift

oned in

per loop;

Ihere is some disagreement on the power carrying ability of a

I-S/fI-in, coaxi~l line in high v~cuum (l,Oe-7 torr), The question

will IN ddciressed by d high power test to be performed on a

proposed 100;) design. The mechanical design differences to the

RI(.)~re trivial, but the rf system hardware is more involved for

morp loops (extra power splitters and ph~se shift devices), The

RI(J(i(’signdrawings can easily be modl~ied to show four loops if

I.t!\t>prove th~t.they ~re required,



GTA DIL CONCk.PIUAL DESIGN REVIEW
COMMLNIS AND ANSWLRS

QUES11ON:

ANSWER :

QUES11ON:

ANSWER:

QUf.SllON:

ANSWLH:

QUESI1ON:

ANSWt,R:

What is rf drive input: 6 1/8 in. coax? 500 kW or 1 MW?

500 kW with 6 1/8 in. pow~r coax is primary design. A 1
MW drive loop option is also being studied.

1s tuning range with rotary tuner adequate?

lhe rotary tuner in ~ given t~nk will be used in
conjunction with the slug tuners. lhe over,ill tuning
r~nge will be adequate.

What are the design oper,~ting t.wml~erdturesfor the RGDTL
and DTI.section’;?

lhe operdting range will hr? /()/!)”I , Within thi~ range

the temperature will be (.or)tr-oiledto +0.5° F.

Is 54 in. the optimum hearnllne height from the floor?

No. lhe best beamline height has been set at 60 in. and
~pproved by the Project Office.

OUI,SI1ON:” Are tljrhopurnps

ANSWtR : No, Also for
certdirl outgas

QIJISIION: Wh~t r,i[lii]tion

requir

nifii]l
prodlJc

d only for leak check?

purnpdown and backup pumping of
‘;.

nq i~ required for IV viewport.s?

ANSWIH : lead covf!r$will ho rc’quiri!don unu~cd viewports dnd on
the rf drive loop port’),

QIJt,SlloN: Whdt inlorrn,itior) i’,nf’f:d(’d10 dd~pt R(i[)ll.tank to AIS?

ANSWI:I{: NonP, Ihe AIS hunch(’r ,]nddown$trearn end walls will fit
dir~cl,ly onto the RGDII,, [)nly tho dowrrstre~m [!ndcup must
be rchuitt to accomod~te the highvr (’nf!rqyoutplJt and 3°
facf!,Irl(jll’of the RG[)IL,

(JIIISIION: Whdt i’,Ihf’ impdct 01 th(’ in~r[’ll’,[~dqutl(irupol(~ lrlr)q(~

fi(’1(1 (Iur 10 ln(rod~(~d I)ur(l di,im{!l(~r?

ANSWI I{: l)ARMll A run’, 01 Ih{’ 1)(’,irn lhroIJ~jh !ho v,lriou~, l)or(~

(j itlrnrt {’r’, ‘) howI) no IJrol) I ~wlf, Irorn Irlrl(](’ I i(’ld~.

h~l). l-l,{



9. QUESI1ON: Ho\.Imuch beam steering is required in the D1l.dnd where
should steerirg magnets be located?

ANSWER : This has not yet been determined although several steering
options exist, including magnets inside the drift tubes,
in the intertank spacers, and around the tanks.

10, QUESTION: What are the rf seal problems and potential solutions?

ANSWER : Improperly seated $eals and overheating seals. Solutions
are to assure seal integrity through proper installation
and to maintain adequate cooling around seals. The
C-seals will function properly under these conditions at
5% duty factor.

11, QUES11ON: Will 0“1stem design meet launch loads of mechanical and
acoustical vibrations? What are analytical calculations
and experimental tests needed to resolve this issue?

AN5WER : Analysis has shown thdt single stem support can withstand
launch loading on all but the heaviest, i.e., highest
energy, drift-tube bodies, On these, a simple enlargement
of the stress pad at the base of the stem will suffice.
Since GTA-1 will fundamentally be a physics experiment
rather than a design to test space compatabllity, concern
over hard point socketing, which would assure vibration
rigidity, has receeded. We now have solutions to the
problem but will only apply them in a limited way in the
interest of high grade physics. The main conclusion,
however, is that single stem supports can withstand launch
vibrations with only modest modifications t.othe existing
dE’jign,

12, QUES11ON: Should the [)1weld be moved to a low~r electric field
regiorl’?

ANSWLK: ‘lh~’weld has been moved to th[
awdy from the high t!lectric f

13. (JULS”I1ON:Would getter pumps inside the

ANSWtR: No, thfjrc is no room for such

outside of the 1)1body dnd
eld region,

[)1’$be useful?

devices In the Hi’\,

Al)l). 1-14



GTA COOI.INGSYSIEM CONCEPTUAL DESIGN

Review Comments and Answers

1. Question: 1s temperature the only blolI for tuning RFQ?

Answer: Once the RFQ has been machined and set in place, cooling
water temperature will be the only “tuning knob.”

2, Question: How do you start.up system to purge air and fill pipes?

Answer: Airbleed valves will be located in system high spots,

3. Question: How far down

Answer: This is penal

4, Question: What indicat

Answer: A line burst

does euto control ~yst,em go?

ng design informat ion from other systems.

on is available wher, a hose breaks?

sequence on a hard wire “fail-safe” circuit is
under consideration and will be determined by preliminiiry
design review,

5, (Juestion: What temperature measurements are available which will
provide information directly for ISE (e.g., temperature
gradient, totiil heat load, etc,)?

Answer: lhe up to date inform~t ion ~vail~ble is shown in the t~ble
on vu graph #3 of cooling system \ection,

6. (juestion: Should tl”BS include tit”i~fid 1{ beam stops?

Answer: YPS

7. Question: Is cooling ~dequate for !)%

Answer: Yes, for conditioning and

8. t)ucstlon: Who II,r[’~pon$ible (or tni]k

when inlrt v,ilve is open~d

Answer: lhi~ will be deflnc}d undrr
sequcn[(’,

[)ft’orInjector RI(Jand [)11.?

n tt’stmodf!,

ng sure outlet valvP is op~n
or ~rr’ th~$(’ int~rlocked?

$yI,lI’m‘,t~rtUP and shut down



GTA VACUUM SYSIEM CONCEPTUAL DESIGN
REVIEW COMMENTS AND ANSWERS

1. COMMENT: Use a WS 152 Roots blower instead of a WSU 1000 blower for
the conditioning flow on the injector. The WS 152 can
handle a flow rate of 50 seem, which is sufficient for
conditioning and is a cleaner, two-stage pump.

RESPONSL: C. Mansfield agreed that a flow rate of 50 seem is
adequate. The WS 152 is now the baseline pump for injector
conditioning.

2. COMMENT: Consider using 10 in. pump$ on telescope and beam sensing,
possibly reducing the number of pumps from 10 to 4 each.

RLSPONSE: The design is still evolving: if the foil neutralizer is
adopted, the pumping requirement.s will decrease and 8 in.
pumps will be more attractive.

3, COMMEN1: Gauging must be provided in edch subsystem to permit
monitoring of pressures up to ambient. Recommend a
mechanical type such as the MKS “Bdratron”.

RESPONS[.: Gauging will be provided In each subsystem. Orientation
and species sensitivities will not preclude the use of a

gd~ge such as the CONVECTRON since these characteristics
are knowr~and can be dealt with,

4, COMMENI: lhe response time, (V/S) of each subsystem high vacuum
system should be less th~n 100 ms. This is important in
conditioning recovery from gas bursts.

Rt.SPONSt: Ibis value is not dttdil
design. The system Wa[,
10-b or less b~sed upon
out,gassing properties.
designed to ~chievp CI t
approximate qu~drupl ing
r~quir-ed in the ac[eler,

~ble in the present accelerator
designed to attdin d pressure C)f
m~teridl offg~ssing and
If, instedd, the machine were to be
me constdnt of 100 ms, dn
of the number of pumps would be
tor sections,

5, COMMENI: Ih(’use of /rA1 getter pumps on each drive loop is
(Jr\rlece5sdrycCalcul,ltlon> indit”iitea very stn,!llgas load
in thf!drive loop which c~n edhily hv pumped hy the main
pump ‘1,

1{1.SPON51,: lllghv{]cuurnIs l~lt to ht$very crltic[ll for the drive
loop’i, $onw get t.~~rpump~ WI II bu k(’ptdv{iIl~~blrto I)(’u’,~’d
only if t,here is d problem, Ihi’t Cl])prwt+(h i’; f(’ltto I)(’
ncr~’s~dr-yby t.hrsul)systml do’;i!jr)urs.

Alll),1..10



6.

1.

t?.

9.

COMMENT: Use rotatable ASA flanges instead of using the 1S0
multi flange as the adapter from rotdtable to
non-rotatable. These are available commercially from
NOR-CAL.

RESPONSE: lhis will be done. Problems exist in fitting the 1S0
multi -flange to some tube bored ANSI sizes. Switching the
standard to rotatable ASA types like those commercially
available from NOR-CAL will solve this problem.

COMMLNT: Can pumps be acceptance tested at the vendor’s facilities
to avoid uncrating, testing, and recrating?

RESPONSE: Yes, this has been incorporated into the purchase requests
for the pumps.

COMMEN1: A purge line is needed to speed up regeneration.

RESPONSE: Either electric heaters or purge gas ,]reneeded for
regeneration. If the pumps we buy don’t hdVe electric

heaters, we will add a purge line to e~ch pump.

COMMEN”I: Use a flange with an Cl ring groove because the groove is
less vulnerable to scratching.

RESPONSE: Pumps halve been ordered with O“ring grooves: this greatly
reduces the possibility of scratching since the pumps will
probably be the most handled component.

10, COMMtNl: Make the wi~rranty period begin when the pumps are placed in
service.

Rf.SPONSt.: Ih!s wds i]tt~mpt.~>dbut added gredtly to the complexity of
pldcing the purchdse order, lhe warr~nty now begins at,
d~’llvery ~t MAI’s request,

11, COMMLNI: llccdu$t~of spdce Iimitdlions, we mdy not halve valves
between the I.[fIT,RFQ, blJntht?rdntt Iindc tdnks 1 dnd 2.
lherefore, we may h~ve to pump these components
simultaneously.

RFSPCINSf_:this rl~ednot chiinge the design or design philosophy of the
vticuum system since there ,~rehi!]h Impedances between these
compont?nlso [“~chshould hdv(? fht?cdpdb!l!ty to pump
sepdr(llrly, dlthough the dhsence of vdlves medns their
Activll i[’$must be coordin~~ted.

/\l)l), 1,-1/



12. COMMEN1:

RESPONSE:

13. COMMENI:

RESPONSE:

14, COMMENl:

RESPONSL:

15, COMMI.N’1:

RISI)ONSI:

16. COMMEN1:

‘{ESPONSL:

Can cryopumps carry the load by themselves if the turbos
shut down due to a brief overpressure?

lhe most closely matched pump/load ratio occurs in the
linac where there is approximately 50% excess pumping
capacity. Should ths turbos shut down, the cryopumps would
be capable of handling the load based upon conservative
estimat.~s of offgassing r3tes. It should be noted that the
cryopumps will still not be operating at capacity since
they are conductance limited in their installation on linac.

A thermocouple or convection gauge is needed in each
cryopump to control start up ~od regeneration.

lhere will be a thermocouple or convection gauge in each
cryopump.

We need to consider how the regeneration times of the
cryopumps affect the operating tycle of the machine.

lhe most crit.lc~l area (shortest operation between
regenerations) is the injector which adds about one std.
liter of hydrogen to the pump per day, Each pump has a
capacity for hydrogen of 27 std. liters and there are two
pumps which have a combined capocity of 54 std. liter,
This means we can operate for 54 consecutive days without
stopping for regeneration, Therefore, cryopump
regeneration will have a minimal effect on the machine’s
operating cycle,

C,lnwiring and control panel complexity be reduced by using
computer controls and compuler generated displays?

Iht?co~trol ~y:,temmust allow separ~te “stand alone” manual
control of each ‘,ubsysternat local operating st~tions.
Some interlocking!;of v~lve position, pressure levels, and
pump stdtus will be nf?cded to protect pumps and machine,
Iho control sy$tetnmust not be dependent upon the central
comput~:r to perform its tunctions,

All pumps with motors I,hallbe ordered witil 480 V, 31$
motors if at ail possible.

ir)forrnilli{)nwili 1)(’~upplicd to I’ii?

fll)~).1,-1}{



18. CO$lflENl: Why are so many flange sizes specified? Can we get by with
2-3 sizes?

RESPONSE: Early design information from the telescope, neutralizer,
and beam sensing indicates the need for many different
diameters ranging from

19. COMMEN1: How much
“Halo”?

RESPONSL: Detailed
diagnost”

2 in. to 24 in.

outgassing do you expect from diagnostics and beam

outgassing ca culations will be performed for all
cs and we wil attempt to estimate the effects of

beam “Halo”.

20. COMMENT: Specify cleaning and i.issemblyprocedures for all vacuum
connected subsystems.

RESPONSE: lhis shall be done.

Al)l). l-l’)


